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Milk can bP. viP.WP.d as P.ithP.r a slightly procP.ssP.d fluid 
product in thP. form of bottlP.d milk or as a raw matP.rial for 
a much morP. complP.x manufacturing procP.ss with P.nd products 
of chP.P.SP., buttP.r or non-fat powdP.r (NFP). ThP. physical 
composition of milk can bP. P.xprP.ssP.d as componP.nt 
concP.ntration (pP.rcP.nt fat and pP.rcP.nt protP.in) or as 
kilograms of its componP.nts (protP.in, fat and carriAr). ThP. 
carriP.r fraction is dP.finP.d as that portion of thP. milk for 
which no incP.ntivP. is paid. ThP. valuP.s of thP.sP. major 
componP.nts of milk, P.ithP.r in tP.rms of concP.ntrations or 
kilograms, vary grP.atly dP.pP.nding on how thP. milk is usP.d. 
This inconsistP.ncy in componP.nt valuP.s can bP.st bP. shown by 
looking at carriP.r in a fluid product and in a manufacturP.d 
product. 
In a fluid product, such as bottlP.d milk, thP. carriP.r 
fraction has a positivP. valuP.. In a manufacturP.d product, 
such as chP.P.SP., thP. majority of thP. carriP.r must bP. rP.movP.d. 
This rP.moval has a hibh P.nP.rgy rP.quirP.mP-nt in thP. form of 
fossil fuP.l. ThP.rP.forP., in manufacturP.d products thP. valuP. 
of carriP.r is lP.ss than in fluid and may, as this work shows, 
bP. nP.gativP.. This is P.VidP.nt by thP. intP.rP.st in 
ultra-filtration, U-F, and rP.VP.rsP.-osmosis, R-0, tP.chnology 
in thP. dairy procP.ssing industry. 
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A dairy producer should select cattle for production 
that most nearly reflects the marketing demand. As 
manufacturing processors pay producers on the basis of milk 
components, the producers should alter selection goals by 
reducin5 carrier and increasing fat and protein. 
This work has three major objectives. The first 
objective is to compare component concentration and kilograms 
of components as methods of valuing milk. Second, the value 
of each of the components is calculated based on the intended 
utilization. And finally, the genetic and economic 
implications, discounted for time, of implementing a 
selection program based on these values are examined. The 
economic implications of selecting cattle for a relative 
decrease in carrier and increase in solids are comparable to 
the cost of filtration systems, either reverse osmosis or 
ultra filtration. 
"One of the most pressing and yet neglected problems 
in animal breeding concerns decision making" 
(Lerner and Donald, 1966) 
3 
REVIEW OF LITERATURE 
Estimation of Milk Component ValuP.s 
Prior to nalnulating the expented nhange in produntion 
traits, it is nP.nessary to denidP. how produntion will be 
dP.finP.d. 
Ladd and Dunn (1979) invP.stigated ,the value of fat 
pP.rnent and protein pernent for the nheP.se manufanturing 
market by dP.fining profit as a funntion of fat, protein and 
watP.r. Profit was definP.d hP.re as total returns less 
opP.rating nosts, less nost per kilogram of nheP.SP. produned. 
ThP.y then took the total differP.ntial of the profit funntion, 
lP.aving milk rP.neived nonstant, with respP.nt to fat, protein 
and water as it lP.aves thP. plant in the form of nhP.ese. 
Their results indinatP. that thP. value of fat and protein 
nonnentrations nhanbes as thP. amount of milk renP.ived 
nhanges. The values of a .1% innreasP. in protein range from 
$.2891 to $.3072. No values for nhange in fat pP.rnentage 
WP.re reported. 
In this work, Ladd and Dunn also disnuss the possibility 
of defining variable nosts as a funntion of the amount of 
milk P.ntering the plant rathP.r than thP.ir method of nheese 
produned or plant out-put. 
Hillers et al. (1980a) nalnulatP.d thP. value of fat and 
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protein concentration in cheese, cottag cheese, butter and 
nonfat dry milk. These component values were based on the 
value of increased yield of cheese, cottag· cheese, etc. from 
milk with higher concentration of fat and protein. This work 
divided production costs into costs that vary with the amount 
of product produced, variable costs, and costs that remain 
constant regardless of the amount of product µroduced, fixed 
cost. The results reported are based on a .1% increase in 
fat or protein in 100 kilograms of milk. The values of fat 
in hard cheese and butter are reported to be $.364 and $.240, 
respectively. The value of a .1% increase in protein in 100 
kilograms of milk given for hard cheese, nonfat dry milk and 
cottage cheese are $.300, $.140 and $.466, respectively. 
Brog (1969) developed seven different milk-pricing 
systems and compared their ability to determine the value of 
milk. These systems ranged from an "optimum or academic 
model", containing fat, protein and lactose-minerals, to a 
system based strictly on the amount of milk yield. The 
sub-optimum pricing methods, based on different combinations 
of part of the three components, were then comµared to the 
academic model for their ability to value milk. The value of 
fat, protein and lactose-mineral per pound based on $4.20 per 
hundred pounds of milk, were $.98, $1.02 and -$.04. These 
component values became $6.69, $6.96 and -$0.27 per kilogram 
when the milk price is raised to $28.65 per kilogram 
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($13.00/hundred weight). 
In these three reports the estimated value of milk was 
based on the amount of product being produced. This may be 
the more accurate value of the components, however, these are 
not the component values for which the dairy producer is 
paid. Also, the component values are based on a given amount 
of milk. As Ladd and Dunn (1979) showed the value of a .1% 
change varies depending on the amount of milk produced. This 
dependence of component percent values on the amount of milk 
causes problems in defining goals of selection. 
Johnson (1973) estimated the value of a kilogr m of one 
pound of fat and one pound of skim milk. His estimates were 
based on milk price of $4.89 per 100 pounds of milk 
($10.78/100 kilograms) with a fat differential of $.078 per 
.1% chan~e in fat. This work suggested component price for 
fat be set at 11.5% of the Chicago butter price per .1% fat. 
The value of skim milk is then set at a price that when addea 
to the price of fat would equal the blend price of milk 
within that milk marketing order. This method, as those 
discussed earlier, does not appear to account directly for 
the negative value of carrier, the non-fat non-protein 
fraction of milk, in the manufacturing industry. 
Kennedy (1982) discusses the problem of genetically 
reducing fat yield in milk. The theoretical maximum changes 
in several traits and ratios of traits under multiple trait 
6 
and single trait selection are given. Through comparison of 
these expected changes, it is shown that it is possible to 
"reduce markedly the fat content of milk without much 
This sacrifice in potential gains in yield of protein •••• " 
illustrates the fact that it is possible to alter the 
composition of milk without sacrificing potential gains in 
milk production. 
Hillers (1984) discusses the importance of including 
protein in a selection program. Indexes based on several 
sets of economic relationships between carrier, fat percent 
and protein percent were developed and the change in the goal 
of selection, as defined by that index, was given. The 
question posed at the conclusion in this work remains 
unanswered. 
"Technology (testing equipment and computers) is 
certainly available to implement component pricing 
and selection for milk components other than fat. 
When will this technology be utilized so prices paid 
producers for their milk reflect current milk 
utilization?" 
Expected Genetic and Economic Changes 
Hunt et al. (1972) explored the expected genetic gain in 
7 
the A.I. industry under several combinations of young sire 
sampling programs, selection intensities and services per 
tested daughter. The expected gain was restricted to the 
sires of sires, sires of dams and dams of sires segments of 
the population while the dams of dams segment was ignored. 
They report an expected genetic change of between 1.14 BCA to 
1.93 BCA (1 BCA=63 kilogram of milk) depending on the percent 
of youn~ sires used and the selection intensity planed on 
dams of sires when selection is on milk only. 
change in milk yield was less when 'other traits' were added 
to the selection program. They report a decrease in genetic 
gain whP.n the number of services required per tested daughter 
increased, generation interval increased. All evaluations of 
~enetin change were based on milk yield and not on the value 
of changes in other traits. 
Later, Hunt et al. (1974) expanded their work to include 
population size. Again, no selection on the dams of dams 
popuiation was considered and only milk yield was used as a 
trait of interest. 
Hillers et al. (1980b) examined the difference in 
returns under three pricing systems based on a fat 
differential only, a fat and protein differential and a fat 
differential and a protein differential based on predicted 
protein. They found that when protein has an economic value, 
the present fat differential only payment system 
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overcompensates for low fat content milk and undercompensates 
• 
for high fat content milk. All value estimates were based on 
percent of fat and protein and kilograms of carrier or the 
non-fat non-protein portion of milk. 
Mbah and Hargrove (1982) used selection index theory to 
compare the total expected genetic change under indices 
ignoring and including protein. 
using values for carrier ranging from $.1559 per kilogram to 
0 per kilogram. The values of .1 percent fat and protein per 
kilogram of milk ranged from $.0265 to $.0358 and $.0016 to 
The cost, in terms of nutritional 
requirements, to produce the component was then deducted from 
the value of the component. 
economic values, the [a] matrix, for selection indices. Two 
sets of indices were developed; one based on carrier and 
percent fat only and the other on carrier, percent fat and 
The effectiveness of the first in term of 
total genotypic change was then reported as a percent of the 
genotypic change of the indices based on the three traits. 
In general, they concluded that increased euphisis on protein 
percent was not warrented. They also acknowledge that 
additional progress can be made in protein production and 
this progress would be compounded over generations. 
Van Vleck (1978) reported on the expected correlated 
response to selection under several pricing combinations of 
9 
fat, protein and carrier. This work divides the population 
into cows and bulls for computing selection response. Van 
Vleck concludes that selection for milk yield is relatively 
efficient for fat and protein yield. Joint selection "could 
be economical" depending on the pricing system used to value 
milk. The conclusion reported is that selection for 
concentration will reduce farm income under the present 
pricing system or with the inclusion of transportation costs. 
The concept of discounting the value of genetic 
expression was reported by Hill (1971) in evaluating possible 
breeding programs. The procedure was later used by 
Mcclintock and Cunningham (1974). They presented the value 
of a single insemination over time. Schneeberger et al. 
(1983) used this same discounting procedure to evaluate 
potential income over time from selecting for different 
levels of production. 
1 0 
PART I. 
COMPARISON OF MODELS 




Prior to estimating the values of milk components, it is 
necessary to examine the present milk payment system and 
evaluate it as an indicator of the value of milk. This 
pricing system can then be compared to other systems for 
their ability to consistently value milk. 
The majority of milk in the United States is purchased 
on a system utilizing a base price plus a fat differential, 
or financial incentive for fat concentration higher than some 
base, as shown by 
where 
VM/100 Kg = BP+[(F%-BF%)*FD] 
VM is the value of milk; 
BP is the base price; 
F% is the fat content of the milk; 
BF% is the base fat requirement; 
FD is the fat incentive paid. 
[ 1] 
A protein differential is also included in an increasing 
number of markets. Formula [1] can be expanded to include 
the payment of a protein incentive. This expansion leads to 
VM/100 Kg = BP+[(F%-BF%)*FD]+[(P%-BP%)*PD] [2] 
where some terms remain as def~ned above and 
P% is the protein content of the milk; 
BP% is the base protein requirement; 
PD is the protein incentive. 
1 2 
Formulas [1] and [2], when multiplied by the actual 
yield of a cow, give the value of that yield. However, the 
actual value of the milk is not directly based on the F% or 
P% but rather on the actual kilograms of fat, protein and 
carrier produced. A one percent change in protein or fat 
concentration has no value in and of itself. This change in 
value can be computed only when the amount of milk is known. 
It is possible to convert these formulas from a 
component concentration basis to a kilogram of component 
basis. Formulas [1] and [2] convert respectively to 
where 
VM/100 Kg:(VF)(FK)+(VC)(CK) [3] 
(FK+CK:100 Kg of milk) 
VM/100 Kg:(VF)(FK)+(VP)(PK)+(VC)(CK) [4] 
(FK+PK+CK:100 Kg of milk) 
VM, VF, VP and VC are the value per kilogr m of milk, 
fat, protein and carrier; 
FK, PK, and CK are the kilograms of fat, protein and 
carrier. 
This conversion changes neither the composition of the milk 
nor its value; only the way the milk is evaluated. 
The question is then, "Which is the better indicator of 
milk value, component concentration or kilograms of 
components? 
1 3 
MATERIAL AND METHODS 
To answer this question, 539 production records were 
generated. Production levels ranged from 4,536 to 9,072 by 
increments of 453.6 kg of milk. For each level of milk 
production, percent fat ranged from 2.0% to 5.0% by 
increments of .5% and for each level of fat, percent protein 
was varied over the same range. Kilogram of carrier, fat and 
protein were calculated. The economic value of each of these 
production records was calculated based on [1] and [2]. 
Table 1 contains the price consideration used in the 
computation of milk value. 
Table 1. Assumptions used in milk value comµutations 
Faet:0r-----~--------------S'YmtOI~-------------c0nSt:ants ___ _ 
Bise-PrTce __________________ 8?-----------------$2~:b57Too-kg-
F at Concentration F% 3-5% 
Protein Concentration P% 3.2% 
Fat Differential FD $3.748/% 
Protein Differential PD $2.204/% 
Four least-squares models were evaluated, two for the 
milk value based only on fat incentive and two based on fat 
and protein incentive (SAS, 1982). Model 1 and Model 2, 
based on the present pricing system, are: 
Model 1: VALUE = MILK PRODUCTION+ FAT% [ 5 ] 
14 
Model 2: VALUE =MILK PRODUCTION+ FAT% 
+ PROTEIN% 
[ 6 ] 
and Model 3 and Model 4, based on kilograms of the components 
are: 
Model 3 : VALUE = KG CARRIER + KG FAT [ 7] 
Model 4 : VALUE = KG CARRIER + KG FAT [ 8 ] 
+ KG PROTEIN 
The accuracy, in terms of 1:;he R-squared value, of the two 
models within a pricing system was then compared. 
1 5 
RESULTS AND DISCUSSION 
ThP. analysis of variancP. and solutions of ModP.ls 1 and 
3, fat incP.ntivP. only, arP. shown in TablP.s 2 and 3, 
rP.spP.ctivP.ly, and thP. rP.sults of ModP.ls 2 and 4, fat and 
protP.in incP.ntivP., arP. in TablP.s 4 and 5. 
TablP. 2. LP.ast-squarP.s analysis of variancP. and solutions 
-- P.ffP.ct of kilo~rams of milk and pP.rcP.nt fat on 

























**Significant at thP. .01 lP.VP.l. 
.002906 
555.117911 
TablP. 3. LP.ast-squarP.s analysis of variancP. and solutions 
P.ffP.ct of kilograms of carriP.r and kilograms 

























Table 4. Least-squares analysis of variance and solutions 
-- effect of kilograms of milk, percent fat and 
percent protein on milk value, Model 2 
Degrees of Mean 
Source Freedom Squares F 
Kilograms Milk 2239127412.3818 48659.69** 
Fat Percent 1 23041373.0621 500.52** 
Protein Percent. 1 1575460.8005 34.24** 
Residual Error 536 24664610.8323 
R-Square :0.989222 











Table 5. Least-squares analysis of variance and solutions 
-- effect of kilograms of carrier, kilograms fat 






























Models 3 and 4, the models based on kilograms, both have 
an R-squared value of 1.00 and, therefore, a residual error 
of o.o. This implies that the models based on kilograms 
account completely for the value of milk. 
It is apparent by examining the R-squared value that 
both models within each pricing system fit well. However, an 
examination of the predicted value of milk generated by each 
model as compared to the actual milk value is revealing. 
Figures 1 and 2 make these comparisons for both models within 
each pricing system and show that, over the range 
investigated, Models 3 and 4 (kilograms rather then 
concentrations) provide the better fit within their 
respectiva pricing system. The non-linearity of Models 1 and 
2 is also clearly shown. This non-linearity, or interaction, 
of concentration of fat and milk yield on milk value is also 
shown in Figure 3. 
A problem that is more incriminating for the models 
These based on concentrations is shown in Figures 4 and 5. 
two figures show that the errors of prediction, the 
difference between the actual and predicted values, for 
Models 1 and 2 are not random and are large. Model l 
underestimates the value of milk from a low producing cow, 
4536 kilograms of milk containing 2% fat, by $212.89 and 
overestimates the value of milk from a high producing cow, 
9072 kilograms of milk containing 5% fat, by $414.30. Model 
18 
2 underestimates the production of the cow producing 4536 
kilograms containing both 2% fat and protein by $353-35 and 
overestimates the 9072 kilograms producer with both 5% fat 
and protein by $692.61. 
On the basis of the linearity of fit shown in Figures 3, 
and 4, kilogram of components were used as the more accurate 








$1, 500 $2,500 
VALUE OF MILK 
MuDEL 1 BRSEO ON CONCENTRATION 
OF HILK COMPONENTS 
HODEL 3 BASED ON KILOGRAMS 
Cf MILK COMPONENTS 
$3,500 
Figure 1. Plot of the predicted on actual milk values from 
models based on carrier and fat, Models 1 and 3 
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VRLUE CF MILK 
MODEL 1 BRSED ON CONCENTRATION 
OF MILK COMPONENTS 
MODEL 3 BASED ON KILOGRRMS 
OF MILK COMPONENTS 
$3.500 
Figure 4. Plot of the error values on actual milk values 




MODEL 2 BASED ON CONCENTRATION _ 
OF HILK COMPONENTS 
HODEL 4 BASED ON KILOGRAMS 
OF MILK COMPONENTS 
Figure 5. Plot of the error values on actual milk values 
from models based on carrier, fat and protein, 
Models 2 and 4 
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PART II. 




Part I of this work has shown kilograms of components to 
be a preferable method of valuing milk. It then became 
necessary to calculate the economic value for each component. 
Formulas [3] and [4] provide a means of converting the 
payment system based on percent concentration presently used 
at the farm to the economic term used by the manufacturing 
industry, kilograms of fat and protein. 
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MATERIAL AND METHODS 
Two methods of establishing the value of FK, PK and CK 
were used. The first method was based on the present system 
of payment; the second was based on estimation of the cost of 
removing the carrier fraction. 
Method I: Present Payment System 
The present payment system, particularly as shown in [l] 
and [3], more accurately reflects the value of milk 
components in the fluid market, where carrier has a positive 
value. In a fluid market, only fat and carrier have value, 
and these values are independent. Fat can be, and in large 
bottling plants frequently is, separated from the carrier in 
the form of cream. The carrier and cream are then recombined 
to produce a standardized fluid product relative to fat 
content. Any disproportionality between these two components 
can be marketed as either low fat milk or cream depending on 
which component is in excess. Thus, it is appropriate in a 
fluid market to evaluate the value of milk either in terms of 
kilo5rams of milk and its relative fat content or kilograms 
of carrier and fat. 
In order to compute the economic value of a kilogram of 
a component, certain pricing assumptions relative to formulas 
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[l] and [2] are needed. These price considerations were the 
same as those used earlier and shown in Table 1. These 
assumptions, when applied to formulas [1] and [2] 
respectively, became: 
VM/100 Kg = $28.660 + [(F%-3.5)*$3.748] 
VM/100 Kg = $28.66 + [(F%-3.5)*$3.748 
+ (P%-3.2)$2.205] 
. [ 9] 
[ 1 0 ] 
depending on whether an incentive was paid for protein. It 
is now possible to convert [9] and [10] to the form shown in 
[3] and [4] by evaluating [3] and [4] a at known component 
concentration. The logic and algebra, shown below for [9], 
can be extended to [10]. 
The value of 100 Kilograms of milk containing 3-5% fat 
when calculated according to [9] is: 
VM/100 Kg = $28.66 + [(3.5-3.5)*$3.748] 
= $28.66. 
[11.1] 
But this milk can also be described as 3.5 Kilograms of fat 
and 95.5 Kilograms of carrier. Neither the value nor the 
product has changed, only the description. Therefore, in the 
form of [ 3] 
$28.66 = 3.5(VF) + 96.5(VC) [11.2] 
The value of 100 kilograms of milk containing 4.5% fat is 
VM/100 Kg = $28.66 + [(4.5-3.5)*$3.748] 
= $32.408 
This converts to 
[11.3] 
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$32.408 = (4.5)(VF) + (95.5)(VC) [ 1 1 • 4 ] 
By simultaneously solving [11.2] and [11 .4], it is 
possible to obtain the values for a kilogram of fat and 
kilogram of carrier. 
These economic values for fat and carrier are the 
economic values of the components when only an incentive is 
paid for fat. At this point, there is no value for an 
additional kilogram of protein beyond the carrier value; 
therefore, protein is included in the carrier. When a 
protein incentive is paid in addition to a fat incentive, the 
component values change. Applying the above method to [2] 
and [4], the values of the carrier, fat and protein 
components can be calculated when a protein incentive is 
paid. 
These component values reflect the values under the 
present payment system. This payment system is most 
reflective of a fluid market and less reflective of a 
manufacturing market. Since only 36.4% of the milk in the 
Unitea States is used in the fluid market, it is appropriate 
to look at the value of each component from a manufacturer's 
perspective. 
Method II: Estimation of Component Value to Manufacturers 
At this point, the methodology for computinb com~onent 
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values has been based strictly on the present system of 
payment. These values are based on a fluid market where 
carrier has a positive value. In a manufacturing market, the 
majority of the carrier, in the form of water, must be 
removed. Therefore, the value of a kilogram of carrier 
changes as milk moves from the fluid to the manufactured 
market. Additionally, the value of carrier differs depending 
on which sector of the manufacturing market the milk is used 
in. If, in [3] and [4], the value of milk (VM) remains 
constant and the value of carrier (VC) changes, the value of 
the other components must change. 
The estimation of the component values for a 
manufacturer were made by first determining the value of the 
carrier fraction and then estimating the value of fat and 
protein based on this value of carrier. If the value of 
either fat or protein were estimated first, different 
component values would be obtained. To elevate this problem, 
it was assumed that the present milk price is an accurate 
estimate of the value of milk in different markets. 
To arrive at the value of a kilogram of carrier the 
following question was asked. "How much would a 
manufacturer's cost decrease if one less kilogram of carrier 
were required to produce a set amount of product; cheese, 
butter or non-fat powder (NFP)?" This is the classic 
question answered by the shadow price in a linear programming 
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(LP) modP.l. ThP.rP.forP., LP modP.ls WP.rP. nonstruntP.d for a 
nhP.P.SP. plant and a buttP.r/NFP plant. ButtP.r and NFP wP.rP. 
nombinP.d in thP. samP. modP.l bP.nausP. onP. is a by-produnt of thP. 
othAr. ThA IBM-MPSX nomputAr softwarP. pankagP. was usP.d to 
P.valuate thP. LP modP.ls by mAthods given by BP.nAkP. and 
WintArboAr (1973) and HP.ady and ChandlAr (1966). 
A fivP. step pronP.dUrP. was usP.d to arrivA at the 
manufanturers' nomponent values. 
1. An LP modP.l was nonstrunted to simulatP. the 
existing plant. 
2. A no-nost antivity nolumn was addP.d to the model to 
remove narriP.r. This pP.rmittP.d a nonstant amount 
of solids to enter the model from less milk. The 
maximum amount of narrier that could bA removed was 
restricted to 10 kilograms pAr 100 kg of milk. 
3. The shadow prine of this restriction was equated to 
the valuP. of narrier. This shadow pricP. is the 
valuP. or nost to the modP.l if this restriction werP. 
relaxed by one unit. 
4. This value of narrier was multiplied by the 
kilograms of narrier and this product was 
subtracted from the value of milk. 
5. A least-squares analysis was then used to determine 
the value of thP. remaining components. 
Several assumptions were made when these LP models were 
3 1 
constructed. 
1. Milk composition entering the plant remained 
constant. These composition figures are summarized 
in Table 6. 
2. The plant models were designed with maximum 
efficiency. 
a. A minimal number of in-plant moves were 
required. A schematic flowchart of the 
in-plant movement of milk in the cheese plant 
and butter/NFP plant models are shown in 
Figure 6 and Figure 7 respectively. 
b. 80% heating and cooling efficiencies were 
assumed. 
c. 100% recovery of the relevant milk solid 
fractions was assumed. This is shown in the 
resulting product yields in Table 6. 
3. No increase in production was incorporated in the 
model. This was done by restricting the amount of 
milk entering the plant and then allowing for the 
removal of a portion of the carrier by a no-cost 
activity. 
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Figure 7. Flow-chart of milk flow through the model 
Butter/Powder plant 
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Table 6. Milk composition used in LP models and resulting 
product yields 
Market of Use -----Cheese Butter/NFP 









9 • 1 
.059 
.094 
aComponent not utilized in cheese making process. These 
would include the protein fraction in the Butter/NFP 
process. 
The resource rows and activity columns for the cheese 
plant model are shown in Tables 7 and 8 respectively, and the 
coefficient matrix in Table 9. The production coefficients 
are based on actual production costs of four Iowa milk plants 
and theoretical computations. The development of the 
coefficients is described in Appendix A. This model reflects 
the situation where milk is delivered to a cheese plant and 
carrier is removed by a reverse osmosis or ultra filtration 
system at the plant. 
Table 7. Description of 





















resource rows for the cheese 
Description 
The objective function. The 
quantity to be maximized. 
The amount of milk in pounds 
entering the model. 
The amount of water in pounds 
entering the model. 
The amount of protein in pounds 
entering the model. 
The amount of non-fat solids in 
kilograms enter the model. 
The amount of total solids in 
kilograms enter the model. 
The amount of labor required by 
the mode 1. 
The amount of heat in B.T.U.s 
required by the model. 
The amount of electricity in kilo-
watts required by the model. 
The pasteurization transfer row. 
The capacity of one cheese vat. 
The maximum vats of cheese allowed. 
The amount of cheese produced. 
The amount of whey produced. 
The amount of cream produced. 
The maximum amount of carrier 
allowed to be removed. 




Table 8. Description of the activity columns for the 



















Brings milk into the model. 
Allows for the pasteurization of the 
milk. 
Provides the non-milk resources 
needed to cook cheese. 
Converts milk components to cheese. 
Removes water not used in cheese. 
Allows for water that does not enter 
the model. 
Removes fat not used in cheese. 
Removes non-fat solids not used in 
cheese. 
Allows for the separation of fat 
from whey. 
Removes cream from the model. 
Removes cheese from the model. 
Brings labor into the model. 
Brings electricity into the model. 
Brings heat into the model. 
Brings transportation into the 
model. 
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1 • 0 
1 • 0 
1 • 0 
1 • 0 
2.0 
35000. -3.0 
1 • 0 
-1 0. 0 
100.0 
EXT- WAT- EXT- EXT-
WAT REM FAT SNF 
1 • 0 1 • 0 
1 • 0 
1 • 0 
1 • 0 1 • 0 
-1 • 0 
-1 • 0 -1.0-1.0 
- 1 • 0 -1.0 -1.0 
-2.0 
1 • 0 
-1 • 0 
aThis matrix was developed on the basis of pounds rather 
than kilograms of components. The resulting values are on a 
per pound basis and were converted to kilograms. 
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1 • 0 
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As Table 9 shows, when milk enters the plant (Col 
MILK-IN) certain components are supplied to the model (Rows 
WATER, FAT, PROT, SNF and SOLID) as well as certain demands 
placed on the model (Rows ELEC and PAST). Also, for each 
unit of milk coming into the model, a portion of the 
potential capacity is required (Row MILK), and a certain 
amount of carrier is allowed to be removed (Row MAX-WAT). 
The requirement for pasteurization is supplied (Col 
PASTO) and requires electricity (Row ELEC). The production 
of cheese (Col PRO-CHES) requires milk components (Rows 
WATER, FAT, PROT, SNF and SOLID) and supplies cheese and 
cheese-vat capacity (Rows CHEESE and VAT). Each vat of 
cheese produced requires cooking (Col COOK), and to supply 
this cooking labor, heat, electricity and vat capacity (Rows 
LABOR STEAM ELEC and VAT-M) are needed. The cheese can then 
be sold (Col SEL-CHE). 
The components needed to produce cheese have been 
accounted for. The cheese has then been produced and removed 
from the model. Columns EXT-FAT, EXT-SNF and EXT-WAT account 
for those components entering the model that are not used in 
the production of cheese. These components also use vat 
capacity (Row VAT) and are the components of whey (Row WHEY). 
If the fat, not used to produce cheese, is to be recaptured, 
the whey must be separated (Col SEPAR) at the cost of 
electricity, and the fat, in the form of cream, is removed. 
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This cream is then removed from the model (Col SEL-CR). 
Labor, electricity, and steam are supplied by the columns 
BUY-LAB, BUY-ELE and BUY-STE. 
At this point, the model not only accounts for the 
production of cheese but also for the disposal of the 
components not used in cheese. The question can now be 
asked, "What if the same amount of cheese could be produced 
from one less kilogram of milk?" Column WAT-REM and Row 
MAX-WAT answer this question. If one less kilogram of milk, 
in the form of carrier, enters the model there are several 
savings. One kilogram less carrier means one kilogram less 
milk entering the vat; therefore, less heat, electricity and 
labor are required. Also, less whey is produced thus less 
separation is needed. The amount of carrier that is not 
brought into the system is restricted (Row MAX-WAT). The 
shadow-price of this row, the cost to the system if one less 
unit of Row WAT-MAX is used, represents the cost of one 
kilogram of carrier to a cheese plant. 
A ordinary least-squares approach was used to estimate 
the VF and VP coefficients (SAS, 1982). The data set of 539 
milk production records described earlier was again used. 
The kilograms of carrier were multiplied by the value of 
carrier, and this product was subtracted from the value of 
the milk. This is shown by adjusting formula [4] to produce 
VM/100 Kg - (VC)(CK) = (VF)(FK)+(VP)(PK) [12] 
4 1 
or in the oase of the assumptions in [8] 
VM/100 Kg - (VC)(93.3) = (VF)(3.5) + (VP)(3.2). [ 1 3 J 
The estimates for the value of the two remaining 
oomponents were derived by the following model 
where 
Y .. = µ + b. FK + b. PK 
1 J 1 J 
[ 1 4 J 
Y .. is the value of the milk after an noun ting for the 
1J 
oarrier fraotion; 
µ is the interoept; 
b. and b. are the values of a kilogram of fat and 
1 J . 
protein respeotively; 
FK and PK are the kilogram of fat and protein 
respeotively. 
An additional aotivity oolumn, HAUL, was then added to 
the in-plant model. The same prooedure, equating the value 
of oarrier to the shadow of MAX-WAT and using a ordinary 
least-squares prooedure to estimate the value of the other 
oomponents, was followed. The oomponent values from this 
model refleot the situation where a portion of the oarrier 
fraotion is removed at the farm just prior to transport to 
the oheese plant. 
The value of the oomponents were then evaluated in a 
butter/NFP plant. Again, the method of oonstruoting an LP 
model was used to simulate a butter/NFP plant. An aotivity 
oolumn was added to reduoe oarrier, and the shadow prioe of 
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this activity was equated to the value of carrier. Estimates 
of the value of the other components were subject to this 
value of carrier through a ordinary least-squares analysis. 
Tables 10 and 11 list the resource rows and activity 
columns used in the butter/NFP model, and the coefficient 
matrix is shown in Table 10. The derivation of the 
individual coefficient is presented in Appendix B. The 
logical development of the LP model for the butter/NFP plant 
was similar to that of the cheese plant model, and the shadow 
price of REM-WAT is the in-plant value of carrier. 
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Table 10. Description of resource rows for the butter/NFP 
plant LP model 
~~~~~~~· ~~~~~~~~~~~~~~~~~~~~~~ 
Row Row 
Label Type Description 
c N The objective function. The quantity 
to be maximized. 
MILK L The amount of milk in pounds entering 
the model. 
WATER E The amount of water in pounds entering 
the model. 
FAT L The amount of fat in pounds enterini:; 
the model. 
SNF L The amount of non-fat solids in pounds 
entering the mode 1. 
SOLID L The amount of total solids in pounds 
entering the model. 
CREAM L The amount of cream in pounds produced 
that is available for butter. 
SKIM E The amount of skim milk in pounds 
requiring pasteurization. 
SKIM-T L The amount of milk available for 
evaporation. 
EXT-WAT E The amount of extra water in pounds 
entering the model. 
SEP L The separation transfer row. 
HAUL L The amount of milk in pounds required 
to be transported. 
LABOR L The amount of labor in hours required 
by the mode 1. 









The amount of electricity in kilowatt 
hours required by the model. 
The amount of steam in B.T.U.s 
required by the model. 
The amount of cream in pounds that is 
moved to the churn. 
The amount of butter in pounds 
produced by the model. 
The amount of buttermilk in pounds 
produced. 
The amount of non-fat powder in pounds 
produced by the model. 
The maximum amount of carrier in 
pounds allowed to be removed. 
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Ta~le 11. Description of the activity columns for the 




MILK-IN Brings milk into the model. 

















Allows for the separation of milk into cream 
and skim milk. 
Converts the components of milk into cream. 
Converts the cream into butter. 
Provides the pasteurization of cream. 
Removes the butter from the model. 
Removes the buttermilk from the model. 
Converts the components of milk to skim milk. 
Provides the pasteurization of skim milk. 
Converts evaporated skim milk to powder. 
Removes powder from the model. 
Brings labor into the model. 
Brings electricity into the model. 
Brings heat into the model. 
Provides for the evaporation of skim. 
Allows for the water not entering the model. 
Allows for the water enterin 5 the plant that 
is not used in either butter or NFP. 
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SEPAR IN CURN 
1 -38 
1 • 0 








SEP 100.0 -100.0 
HAUL 100.0 -100.0 
LABOR 0.029 
ELEC 0.0125 0.012 0 • 0 1 1 
STEAM 17136. 
CR-SP-T 100.0 -100.0 
BUTTER -66.7 1.0 
B-MILK -33.3 
POWDER 
MAX-WAT 10. 0 
aThis matrix was dP.VP.lopP.d on thP. basis of pounds rathP.r 
than kilograms of ~omponP.nts. ThP. rP.sulting valuP.s arP. on 
a pP.r pound basis and WP.rP. 0.onvP.rtP.d to kilograms. 
SEL-
EM 
1 • 0 
1 • 0 
SKIM-
I N 
1 • 22 
1 • 0 





























Table 1 2 • Continued 
EVAP- RM- EXT-
SK WAT-2 w B 
c 
MILK 1000000.0 





SKIM -1 • 0 
SKIM-T 
EXT-WAT 1 • 0 1 • 0 -1 • 0 
SEP 








MAX-WAT 1 • 0 
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RESULTS AND DISCUSSION 
The nomponent values obtained from the simultaneous 
solutions of the equations based on the present payment 
system, Method I, are given in Table 13. The values for 
narrier, as expented, are positive and all nomponent values 
are identinal to the solution values for the nomponents given 
in Tables 3 and 5. The value of protein when a protein 
innentive is not paid is equal only to the value of narrier; 
therefore, the values are the same. It should also be noted 
that, as a protein innentive is added, the proportional 
denrease in the value of narrier is munh greater than the 
denrease in the value of fat. 
Table 13. Component values obtained from the simultaneous 
solution of the prinin~ equations based on the 








0. 15 5 





The values of narrier, the shadow-prines of Row WAT-MAX, 
obtained from the four LP models are given in Table 14. The 
shadow prine, as disnussed earlier, is defined as the nost to 
the system if one less unit of the resourne is used. An 
alternative interpretation of the shadow-prine is the 
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'break-even' cost of the resource. Therefore, if a kilogram 
of carrier can be removed, either mechanically or 
genetically, for less than the shadow-price it is economical 
to do so. 
Table 14. The shadow-price of Row WAT-MAX from the four 
manufacturing plant LP models 
Hauling cost ignored 







The results of applying these values of carrier to the 
model in [14] and solutions for kilograms of fat and protein 
for each shadow price are given in Tables 15-18. 
The component values for milk, as summarized in Table 
19, represent the value of each component under different 
marketing situations. Under Index 1 in this table, the value 
of one kilogram of protein and a kilogram of carrier have the 
same value. This is because; under the pricing system of 
Index 1, there is no price differential paid for protein. 
Thus, the addition of one kilogram of protein increases the 
value of milk by one kilogram of carrier. These component 
values can be used as relative economic weights (REW) in 
selection index theory when selection is based on similar 
marketing situations. 
5 1 
Table 15. Least-squares analysis of variance and solutions 
--effect of kilograms of protein and kilograms of 
fat on the value of milk after adjusting for the 
value of kilograms of carrier (-$0.0066/kg) to a 





Kilograms Protein 1 















**Significant at the .01 level. 
.049155 
.049155 
Table 16. Least-squares analysis of variance and solutions 
--effect. of kilograms of protein and kilograms of 
fat on the value of milk after adjusting for the 
value of kilograms of carrier (-$0.0209/kg) to a 




























Table 17. Least-squares analysis of variance and solutions 
--effect of kilograms of protein and kilograms of 
fat on the value of milk after adjusting for the 
value of kilograms of carrier (-$0.0110/kg) to a 























**Significant at the .01 level. 
.05152 
.05152 
Table 18. Least-squares analysis of variance and solutions 
--effect of kilograms of protein and kilograws of 
fat on the value of milk after adjusting for the 
value of kilograms of carrier (-$0.0231/kg) to a 




























Table 19. Summary of milk component values or REWs under 
different marketing situations 
Marketing 
Situation 
Present payment system 
Fat incentive only 
Fat & protein incentive 
Value in dollars per kilogram of 







Manufacturers component values 
Cheese plant 
Hauling cost ignored 
Hauling cost included 
Butter/NFP plant 
Hauling cost ignored 















EXPECTED PHENOTYPIC, GENOTYPIC 
AND ECONOMIC CHANGES 
55 
INTRODUCTION 
The use of selection index theory allowed the evaluation 
of selection practices based on the component values in Table 
19. The REWs, within a pricing system, were used as sets of 
[a] vectors in the selection index equation, 
[P][b] = [G][a] [ 1 5] 
where 
[P] is the phenotypic variance/covariance matrix; 
[G] is the genotypic variance/covariance matrix; 
[a] is the vector of REWs; 
[b] is the vector of selection pressures. 
The appropriate selection pressure given to each trait 
can then be calculated by inverting [P] and multiplying both 
. [P]-1, sides by 
[b] = [PJ- 1 [G] [a]. [ 1 6 ] 
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MATERIAL AND METHODS 
Development of Phenotypin and Genotypin 
Varianne/Covarianne Matrines Under Mass Selention 
The phenotypin and genotypin relationships among yield 
and its nomponents have been investigated on many onnasions; 
however, none have innluded narrier, as defined here, as a 
trait of interest. Most investigators have looked at all or 
part of the genetin and phenotypin interrelationships of milk 
produntion, pernent fat and protein, and kilograms of fat and 
protein. The relationships used in this work are those of 
Maijala and Hanna (1974) as shown in Table 20. 
Table 20. Phenotypin standard deviations, repeatabilitya, 
phenotypin and genotypin parametersb for 
produntion traits based on milk produntion 
Phenotypin standard 
deviation, <JP r MP FK PK F% 
MP 1425.2 KG • 5 3 .27 .88 .95 -.20 
FK 5 8 • 1 KG .49 • 8 1 .24 • 9 3 .24 
PK 47.2 KG • 5 5 .85 .85 .27 - • 0 1 
F% -39 % .76 - • 3 1 • 2 1 .08 .47 
P% .25 " • 6 1 -.28 • 1 4 .23 .58 /0 
aPhenotypin standard deviation and repeatabilities from 
Wilnox et al. (1971). 
bHeritabilities on the diagonal; 
phenotypin norrelation above the diagonal; 
genotypin norrelation below the diagonal. 
P% 






The [P] and [G] matrices, using milk production rather 
than carrier as a trait, were constructed by applying the 
values in Table 20 to the following formulas. 
where 
2 2 
a P (Xi) = [ 0 p (Xi) ] 
~(Xi,Xj) = rp(Xi,Xj) * op(Xi) * Op(Xj) 
o2G(Xi) = h2(Xi) * o2p 
oG(Xi,Xj) = rG(Xi,Xj) * hi * hj * oPXi * oPXj 




[ 19 J 
[20] 
op(Xi,Xj) is the phenotypic covariance between traits 
X. and X . ; 
J. J 
rp(Xi,Xj) is the phenotypic correlation between traits 
xi and Xj; 
a 2 G is the genotypic variance of trait Xi; 
h 2 Xi is the heritability of trait Xi; 
oG(Xi,Xj) is the genotypic covariance between traits 
X. and X.; 
J. J 
rG(Xi,Xj) is the genotypic correlation between traits 
X. and X .• 
J. J 
The [a] vectors described earlier, however, were based 
on kilograms of carrier rather than kilograms of milk 
production. 
The conversion of these two matrices including milk 
production to [P] and [G] matrices including carrier was 
accomplished by assuming that milk production is a linear 
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combination of kilograms of carrier, fat and protein [4]. 
The variance of carrier can then be calculated in the 
following manner (Snedecor and Cochran, 1980). 
MP = CK + FK + PK 
CK = MP - FK - PK 
cl(CK) = cr2(MP) + cr2 (FK) + cr2(PK)- [ 21 J 
2cr(MP,FK) -2cr(MP,PK) +2cr(FK,PK) 
A similar method was used to obtain the covariance of 
carrier with the other components. 
cr(CK,FK) = cr(MP-FK-PK,FK) 
2 [ 22 J = cr(MP,FK)-cr (FK)-O"(PK,FK) 
cr(CK,PK) 2 [ 23 J = cr(MP,PK)-cr(FK,PK)-cr (PK) 
cr( CK,F%) = cr(MP,F%)-cr(FK,F%)-cr(PK,F%) [24] 
cr(CK,P%) = cr(MP,P%)-cr(FK,P%)-cr(PK,P%) [25] 
Applying the appropriate values from matrices that 
include milk production to formulas [21 J through [25], 
produce [P] and [G] matrices that include carrier rather than 
milk production. 
Formula [16] was used to calculate the b-values for each 
trait within each of the nine indices. These indices were 
based on the variance/covariance matrices including carrier 
as a trait of interest and the component values in Table 19. 
Two additional indices were developed based only on the value 
of fat and protein in a cheese plant, both including and 
ignorin~ hauling costs. These two indices, I8 and 19, base 
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selection on only the solid components with no value for or 
selection on carrier. The selection criteria and payment 
systems of these indices are summarized in Table 21. It was 
then possible to calculate the effect on each trait within 
each index if that index was used. The SELIND (Cunningham, 




Summary of the selection criteria and payment 
system of the seven indices investigated 





Payment and selection are based on 
carrier and fat only; no protein 
incentive paid. 
Payment is based on carrier and fat 
while selection is based on carrier, 
fat and protein; no protein incentive 
paid. 
Payment and selection are based on 
carrier, fat and protein; a protein 
incentive is paid. 








Payment and selection are based on 
carrier, fat and protein evaluated 
for cheese manufacturers; hauling 
costs not included. 
Same as I4 except hauling costs 
included. 
Payment and selection are based on 
carrier, fat and protein evaluated 
for a butter/NFP manufacturer; 
hauling costs not included. 
Same as I6 except hauling costs 
included. 
Selection and payment are based on 
fat and protein evaluated for a 
cheese plant; hauling costs not 
included. 
Same as I8 except hauling costs 
included. 
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Expected Phenotypic and Genotypic 
Changes Under Mass Selection 
In most selection index problems, the goal of selection, 
H, and the change in H, ~H, is of prime concern. H, however, 
is the product of the genotype and the economic value of this 
genotype. In this work, the phenotypic and genotypic changes 
within each generation for each trait within each index are 
of interest. These changes based on mass selection were 
calculated as follows (Falconer, 1981). 
where 
~Gaj = ZIP * bGaj'Ij * crij 
~Xaj = ZIP * bXaj'Ij * crij 
[26] 
[27] 
~G . is the genotypic change in the ith trait under 
aJ 
the jth index; 
ZIP is a function of selection intensity and was 
assumed to be one across all indices; 
bG .,I. is the genotypic regression of the ith trait on 
aJ J 
the jth index; 
OI. is the standard deviation of the index; 
J 
~X . is the phenotypic change in the ith trait under the 
aJ 
jth index; 
bX ~.,I. is the phenotypic regression of the ith trait 
aJ J 
on the jth index. 
Although the phenotypic change is interesting to look 
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at, it is not the best method to evaluate a breeding program. 
Breeding programs should be evaluated by only the portion of 
change that is past across generations, the genotypic change. 
Imposition of a Population Structure 
The use of mass selection theory in the dairy industry 
is somewhat naive. Different segments of the population are 
subj ct to different selection intensities, Z/P, and the 
effects of sex-limited traits and relatively sm 11 numbers 
effect the variance of traits and therefore the [P] and [GJ 
matrices. These changes in [P] and [G] effect the relative 
selection pressure, the relationships between the traits and 
the index, and the expected genetic change in the population. 
The segments of the population also are subject to different 
generation intervals; therefore, the genetic change is 
expressed at different times. 
The population was divided into four segments (Rendel 
and Robertson, 1950). Sires of sires, SS, and dams of sires, 
DS, are used to produce sires entering the artificial 
insemination, AI, industry; and, sires of dams, SD, and dams 
of dams, DD, are used to produce the cows in the milking 
herd. The SD segment is sub-divided into proven sires of 
dams, PSD, and young sires of dams, YSD (Hunt et al., 1972). 
The expected genetic change for each generation within each 
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segment of the population for each trait within each index 
can be calculated by using [26] for each segment of the 
population. The variance adjustment formulas for all 
sebments of the population are given in Table 22. The value 
produced by incorporating the estimates of heritability, 
h 2 , and repeatability, r, for each trait from Table 20, 
into the variance adjustment formula was multiplied by the 
variance of each trait. These variance estimates, based on 
milk production~ were used to generate [P] and [G] matrices 
for each segment of the population by [17]-[20]. Formulas 
[21]-[25] were used to convert each of these matrices to [P] 
and [G] matrices for each segment of the population based on 
carrier rather than milk production. 
The expected genetic change per generation for each 
population segment was then calculated by applying [26] to 
each segment. The selection intensity and generation 
interval for each population segment is given in Table 22. 
The selection intensity was based on the percent of the 
population segment that was saved. The percent saved assumed 
was 5%, 17%, 80%, 2% and 95% for the SS, SOY, SDP, DS and DD 
respectively. 
An additional factor is needed for the two sires of dams 
fractions of the population. The genetic change in the SD 
segment that actually occurs depends on whether the sires 
used are young or proven sires. These additional adjustment 
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factors are the probability of using young sires and one 
minus the probability of using young sires respectively. The 
probability of using a young sire was assumed to be .25. 
Table 22. The variance adjustment formulas, generation 




Sires of Sires 
Sires of Dams 
Young Sires 
Proven Sires 
Dams of Sires 




nh 2 /[4+(n-1 )h 2 J 
nh 2 /[4+(n-1 )h 2 J 












1 • 4 9 
0.35 
2.42 
0. 1 0 
an is the number of daughters required for a proven sire, 
n:60. 
bm is the number of records required before she is 
considered as a bull mother, m=3· 
As the generation interval varies between population 
segments, the points in time at which the respective genetic 
change is expressed varies. The total genetic change in a 
population at any time is the sum over the population 
segments of the genetic change in each segment. 
AG = AGSS + AGDS + AGSD +AGDD 
where 
AGSS is the genetic change obtained in the sires of 
sires segment of the population; 
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6GDS is thP. gP.nP.tin nhangP. obtainP.d in thP. dams of 
sirP.s sP.gmP.nt of thP. population; 
6GSD is thP. gP.nP.tin nhangP. obtainP.d in thP. sirP.s of 
dams sP.gmP.nt of thP. population; 
6GDD is thP. gP.nP.tin nhangP. obtainP.d in thP. dams of 
dams SP.gmP.nt of thP. population. 
ThP. P.XprP.ssion of this nhange is exhibitP.d only in two 
segmP.nts of the population, dams of dams and dams of sirP.s. 
The rP.latively small numbP.r of nows nonsidP.rP.d as potential 
dams of sirP.s, 2%, allows one to ignore this sourne in the 
expression of gP.netin nhange (only the P.xpression, not the 
nhange itself). 
Due to size of the dams of dams population sP.gmP.nt and 
that all individuals havP. the samP. opportunity to express 
thP.ir phenotype, mass selention on dams of dams was assumed. 
Stated another way, a daughter nan bP. nomparP.d to her mother 
and the inferior genotype nan be nulled. Selention of nows 
was based on their last renord rP.lative to all other rP.nords 
in the herd. The generation interval for the dams of dams, 
thP. time rP.quired for a daughtP.r to P.xpress her genotype, was 
thP.rP.forP. assumed to be 3 yP.ars rather than 4.5 years (RinP. 
et al., 1970). It was also assumed that, benausP. the 
daughtP.r expressP.s an additional gP.nP.ration of selP.ntion, thP. 
daughter is superior to her dam. 
a now and her daughter, thP. daughter is sP.lP.ntP.d. Eanh now 
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was assumP.d to produ0.P. onP. la0.tation pP.r yP-ar for four yP-ars. 
ThP. P.XpP.0.tP.d gP.nP.ti0. 0.hangP. pP.r gP.nP.ration is assumP.d to 
bP. additivP.. ThP.rP.forP., thP. gP.nP.ti0. 0.hangP. P.XprP.ssP.d in thP. 
SP.0.ond gP.nP.ration is twi0.P. thP. 0.al0.ulatP.d gP-nP.ti0. 0.hangP. for 
gP.nP.ration onP. and thP. 0.hangP. in gP.nP.ration thrP.P. is thrP.P. 
timP.s thP. 0.al0.ulatP.d gP.nP.ti0. 0.hangP. in gP.nP.ration onP. for 
that population sP.gmP.nt. 
ThP. P.xprP.ssion 0.0n0.P.pt is shown in tabular form in TablP. 
23. If thP. goals of sP.lP.0.tion arP. 0.hangP.d in yP-ar O, thP.rP. 
will bP. no P.xprP.ssion of that gP.nP.ti0. 0.hangP. until yP.ar 4.5. 
ThP. amount of 0.hangP. obsP.rVP.d is only thP. gP.nP.ti0. 0.hangP. in 
thP. dams of dams and thP. young sirP.s sP-gmP.nts of thP. 
population, 
WhP.rP. 
t.G4 • 5 = liGDD + liGYS [ 2 8] 
t.G 4 • 5 is thP. total gP.nP.ti0. 0.hangP. in thP. population 
aftP.r 4.5 yP-ars of sP.lP.0.tion; 
The amount of P.XpP.0.tP.d gP.nP.ti0. 0.hangP. P.XprP.sSP.d in yP.ar 9 
would bP. 
whP. rP. 
t.G 9 = 2liGDD + 3liGYS + liGSD +liGSS 
t.G 9 is thP. total gP.nP.ti0. 0.hangP. in thP. population 
aftP.r 9 yP.ars of sP.lP.0.tion. 
[29] 
It should bP. notP.d that in yP-ar 9 thP. dams of dams arP. 
P.XprP.ssing two gP.nP.rations of SP.lP.0.tion, thP. young sirP.s arP. 
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axprassing thraa ganarations of salantion and siras of dams 
and siras of siras ara axprassing only tha first ganaration 
of salantion. 
A twanty yaar tima pariod was usad to nompara tha 
axpantad nhangas for tha diffarant indinas. Twanty yaars was 













The expression of expected genetic gain from 
selection in different population segments 
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Expected Economic Differences 
The expected increase in economic return of using a 
given selection practice can be computed by taking the sum of 
the products of the expected phenotypic change in a trait and 
the value of that trait. This can be written 
where 
6$i is the change in economic returns from using the 
ith index; 
6X. is the expected phenotypic change in the ath trait ia 
under the ith index; 
REWia is the relative economic weight of the ath trait 
used to construct the ith index. 
Although this 6$i value is of interest it is 
somewhat limiting. It evaluates only one particular 
selection practice as it compares to no selection. It is of 
greater interest to compare one selection practice to 
another, Mi and Mj· The difference in economic 
return between two indices in a given marketing situation can 
be expressed as the sum over all traits of the product of the 
REW for each trait and the difference between the AX's of the 
indices for that trait, 
6$ . . = 2: [ RE Wk * ( AX . - 6X . ) ] :LJ a a ia Ja [ 3 1 ] 
where 
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~$ij is the difference in economic returns between 
indices i and j; 
REWka is the relative economic weight of the ath trait 
under the k th index (k may or may not be equal to i 
or j); 
~Xia and ~Xja are the expected phenotypic change in 
ath trait under indices i and j, respectively. 
The ~$ .. values represent the increase or decrease 
lJ 
the 
in economic returns in one lactation of using an index based 
on the true value of the components as compared to some other 
values. This ~$ij value, discounted for the time required to 
realize the returns and summed over the number of expressions 
(lactations) within a generation, allows the comparison of 
selection practices over time. This can be expressed as 
[32] 
where 
~$ is t. he difference in economic returns between ijy 
index i and index j over y years; 
r is the discount rate. In this work r:.08%. 
As mentioned earlier, genotypic rather than phenotypic 
change should be used to evaluate a breeding system. 
This discounting procedure can, with some alteration, be 
applied to economic differences over generations. To compute 
the economic difference in genetic change over generations 
between indices, it is necessary to look at genotypic rather 
7 1 
than phP.notypin nhangP.s. In [ 31], Li$ ij was basP.d on 
phP.notypin nhangP.s. This formula, whP.n gP.nP.tin nhangP.s arP. 
of intP.rP.st, bP.nomP.s 
whP. rP. 
LiG$ij = L[REWk a a (LiG. - LiG. )] ia Ja [33] 
LiG$ij is thP. P.nonomin diffP.rP.nnP. in gP.nP.tin nhangP. 
bP.tWP.P.n indinP.s i and j; 
LiGia and LiGja arP. thP. P.XpP.ntP.d gP.notypin nhangP.s in 
ath trait undP.r thP. ith and jth indP.x rP.spP.ntivP.ly. 
thP. 
ThP. valuP. of this gP.nP.tin nhangP. nan bP. nalnulatP.d ovP.r 
lantations within a gP.nP.ration in a mannP.r similar to [32], 
whP.rP. 
[34] 
LiG$.. is thP. P.nonomin diffP.rP.nnP. in gP.nP.tin nhangP. 
1. J y 
bP.tWP.P.n indinP.s i and j ovP.r y yP.ars. 
This LiG$.. is P.quivalP.nt to thP. diffP.rP.nnP. in P.nonomin 
1. j y 
rP.turns ovP.r onP. gP.nP.ration. 
ThP. P.nonomin diffP.rP.nnP.s in gP.nP.tin nhangP. pP.r 
gP.nP.ration bP.tWP.P.n two indinP.s nan bP. nalnulatP.d for P.anh 
population SP.gmP.nt. ThP.SP. diffP.rP.nnP.s, as P.XprP.SSP.d in thP. 
dams of dams population sP.gmP.nt, arP. thP.n summP.d ovP.r somP. 
pP.riod of timP. of intP.rP.st. ThP. rP.sulting valuP. is thP. total 
diffP.rP.nnP. in P.XpP.ntP.d P.nonomin rP.turns bP.tWP.P.n two indinP.s. 
ThP. flP.xibility of thP. mP.thod dP.snribP.d providP.s thP. 
answP.rs to many "What if ••• " quP.stions. Among thP.SP. 
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questions are: 
1. What if a producer, who is paid for carrier and fat 
only, adds protein to the selection criteria? This 
is answered by comparing Index 1 and Index 2 under 
the pricing system of Index 1. 
2. A producer, who is paid under the present payment 
system, is suddenly paid on the basis of the 
computed cheese in-plant component values. What 
would be the cost to the the producer if selection 
criteria is not changed? Another way to state this 
is, what is the cost to the industry if selection 
is based on the fluid market while a majority of 
the milk is used in the manufactured market. This 
is answered by comparing Index 1 and Index 4 under 
the pricing system of Index 4. 
3. What would be the cost if selection was based on 
the computed in-plant or in-plant plus hauling 
component values for a cheese plant while payment 
remained on the present payment system? This is 
answered by comparing Index 4 or 5 and Index 3 
under the pricing system of Index 3. Either of 
these two values, divided by the kilogram of 
carrier removed, give the cost per kilograms of 
carrier removed. The lifetime cost of a mechanical 
concentration facility can be compared to the cost 
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of genetic concentration when the genetic cost is 
calculated over the life of the mechanical 
concentration plant. 
4. Would the increase in expected change, either 
genetic or economic, from an index based on two 
rather than three traits be greater than the value 
of the change from an index based on three traits? 
This question is answered by comparing Index 4 and 
Index 8 under the pricing system of Index 4. 
It must be restated that the answers to these questions 
are subject to the many assumptions discussed earlier. One 
additional assumption should be added. It is that 
manufacturers pass their cost savings to the dairy producer 
in the form of accurate component values, and producers then 
select on that basis. The value of one index over another 
then relates to savings to the industry in the form of less 
carrier and increased solids regardless of where it is 
realized. 
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RESULTS AND DISCUSSION 
The [P] and [G] matrices relative to mass selection 
obtained with milk production as a trait of interest are 
given in Tables 24 and 25, respectively. These matrices were 
generated by applying the values in Table 20 to formulas 
[ 17]-[20]. 
Table 24. The phenotypic variance/covariance matrix 




































Table 25. The genotypic variance/covariance matrix 




































Using the values in Tables 24 and 25 and Formulas 
[21]-[25], the [P] and [G] matrices using kilograms of 
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carriP.r rathP.r than milk production WP.rP. calculatP.d. ThP.sP. 
[P] and [G] matricP.s arP. givP.n in TablP.s 26 and 27. It 
should bP. notP.d that, whP.n comparing thP. valuP.s in TablP. 26 
and TablP. 24, thP. only diffP.rP.ncP. is in thP. rows and columns 
involving CK. ThP. rP.st of thP. matricP.s arP. thP. samP.. ThP. 
samP. is truP. for thP. comparison of TablP. 27 and TablP. 25. 
TablP. 26. ThP. phP.notypic variancP./covariancP. matrix 
including kilograms of carriP.r as a trait of 
intP.rP.st 
CK FK PK F% P% 
MP 1768352.0 66941.66 59127.77 -116.42 -67.824 
FK 66941.66 3375.61 2550-36 2.719 -0.5810 
PK 59127.77 2550.36 610.52 -0.1841 0.708 
F% -116.42 2.719 -0.1841 0.1521 0.0478 
P% -67.824 -0.5810 0.708 0.0478 0.0625 
TablP. 27. ThP. gP.notypic variancP./covariancP. matrix 
including kilograms of carriP.r as a trait of 
intP.rP.st 
CK FK PK F% P% 
CK 485997.2 15670.06 14243.45 -63.504 -37.582 
FK 15670.06 810.146 593.369 1.5981 0.6902 
PK 14243.45 593.369 601.517 0.5246 0.9770 
F% -63.5036 1 .5981 0.5246 0.0715 0.0269 
P% - 37.582 0.6902 0.9770 0.0269 0.0300 
ThP. P.XpP.ctP.d gP.notypic changP.s undP.r mass sP.lP.ction arP. 
givP.n in TablP. 28. EvP.n though, as mP.ntionP.d prP.viously, 
mass sP.lP.ction is not thP. bP.st approach to takP. toward this 
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problem; the trends shown here in general reflect the same 
progress which can be defined more explicitly using a defined 
population structure. There are several interesting results 
shown in this table. It is interesting to note that when 
protein is added to the selection scheme and the payment 
system is not changed, I1 and I2, there is an increase in 
total milk production. This production increase is produced, 
however, by an increase in carrier production and a decrease 
in both fat and protein production. 
As the relative value of carrier decreases with respect 
to fat and protein, under indices paying for protein (I3-I7) 
there is a relative decrease in carrier·production associated 
with either a constant or increasing rate of fat and protein 
production. This indicates an increase in component 
concentration and an increase in component yields. 
Table 28. .The expected genotypic changes for each trait 
within each index investigated 
Index Carrier Fat Protein Fat Protein 
(kg) (kg) (kg) ( % ) ( % ) 
I1 349.4 12. 8 10.9 -0.03 -0.02 
I2 357.3 12. 7 9.4 -0.04 -0.03 
I3 322.6 13. 1 1 1 • 6 o.o o.o 
I4 258.4 13.2 12.3 0.04 0.04 
I5 245.0 1 3. 2 12. 4 0.05 0.05 
I6 254.4 13.2 12.4 0.05 0.04 
I7 242.9 1 3 • 1 12. 4 0.05 0.05 
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ThP. [P] and [G] matrinP.s for thP. sirP.s of sirP.s and 
sirP.s of dams population segmP.nts are shown in TablP.s 29 and 
30. TablP.s 31 and 32 givP. thP. [P] and [GJ matrinP.s for thP. 
dams of sires sP.gmP.nt. As P.XpP.ntP.d, the magnitudP. of thP. 
variannP.s and novariannes of P.anh population sP.gmP.nt is 
redunP.d from thosP. usP.d undP.r mass selention. ThP. phenotypin 
and genotypin varianne/novariannP. strunturP. for the dams of 
dams are thP. same as those used for mass sP.lention and arP. 
givP.n in TablP.s 26 and 27. 
TablP. 29. ThP. phenotypin variannP./novariannP. matrix for thP. 
sirP.s of sires and sirP.s of dams SP.gments of thP. 
population 
CK FK PK F% P% 
CK 1438651.0 53776.58 48084.46 -98.8888 -58.3527 
FK 53776.58 2676.859 2047.526 4.565257 -0.49368 
PK 48084.46 2047.526 1810.788 -0.15645 0.609057 
F% -98.8888 4.565257 -0.15645 0.135171 0.042975 
P% -58.3527 -0.49368 0.609057 0.042975 0.056906 
Table 30. The genotypin varianne/novariannP. matrix for the 
sirP.s of sires and sires of dams SP.gmP.nts of thP. 
population 
CK FK PK F% P% 
CK 395330.8 12588.51 11582.99 -53-9553 -32.3234 
FK 12588.51 642.4461 476.3794 1.341618 0.586472 
PK 11582.99 476.3794 488.9129 o.445858 o.840513 
F% -53-9553 1.341618 o.445858 0.063530 0.024161 
P% -32 -3234 0.586472 o.840513 0.024161 0.027315 
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Table 31. The phenotypic variance/covariance matrix for the 




































Table 32. The genotypic variance/covariance matrix for the 




































The expected change in each trait per generation for 
each population segment is given in Table 33. These expected 
changes are based on the assumptions for generation interval 
and selection intensity given in Table 22. These expected 
genetic changes are converted to expected changes per year by 
dividing the sum of the expected gains for all population 
segments by the sum of the generation interval, 27.75 years 
(Rendel et al. 1950). The change in milk production being 
the sum of carrier, fat and protein. 
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Table 3 3. Expected genetic change per generation for each 
trait under each index for each population 
segment 
Index 1 
Carrier Fat Protein Fat % Protein % 
(ke;) (kg) (kg) ( % ) ( % ) 
s of s 649.23 23-351 20.210 -.020 -.039 
s of D 
Proven 51. 12 1 • 8 3 8 1 • 5 9 1 -.002 -.003 
Young 190 .47 6. 85 1 5.929 -.006 - • 0 1 1 
D of s 531.72 18.503 16.331 -.048 -.035 
D of D 34.94 1 • 28 1 • 0 9 -.003 -.002 
Index 2 
s of s 665.58 23-350 17.532 -.039 -.079 
s of D 
Proven 52.40 1 • 8 3 8 1 -380 -.003 -.006 
Young 195.27 6.851 5. 14 4 - • 12 2 -.023 
D of s 545.14 18.503 14.146 -.083 -.083 
D of D 35.73 1 • 2 7 0.943 -.004 -.003 
Index 3 
s of s 600.64 24.696 21 • 67 6 o.o 0. 0 
s of D 
Proven 47.29 1 • 8 9 2 1 • 7 0 7 o.o 0. 0 
Young 176.22 7.049 6 -360 o.o o.o 
D of s, 491 .95 19.569 18.012 o.o 0. 0 
D of D 32.26 1 • 27 1 • 1 6 o.o o.o 
Index 4 
s of s 480.50 24.271 22.982 .034 .068 
s of D 
Proven 37.83 1.920 1 • 7 8 3 .003 .005 
Young 140.97 7 • 121 6.643 • 0 1 0 .020 
D of s 392.48 19.257 18.621 .083 .083 
D of D 25.84 1 -32 1 • 2 3 .004 .004 
Index 5 
s of s 455.49 24.138 23.051 .033 .084 
s of D 
Proven 35.86 1 • 900 1. 81 5 .003 .007 
Young 133.63 7.082 6.751 • 0 1 0 .025 
D of s 371.52 19.147 18.669 .090 .090 
D of D 24.50 1 -32 1 • 2 4 .005 .005 
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Table 33. Continued 
Index 6 
Carrier Fat Protein Fat % Protein % 
(kg) (kg) (kg) ( % ) ( % ) 
s of s 473.00 24.138 23.051 .0338 .068 
s of D 
Proven 37.24 1 • 9 0 9 1. 812 .003 .005 
Young 138.77 7 • 11 2 6.751 .010 .020 
D of s 386.18 19.230 18.635 .083 .083 
D of D 25.44 1 • 32 1 • 2 4 .005 .004 
Index 7 
s of S 451 .51 2 4. 122 23.054 .033 .083 
s of D 
Proven 35.55 1 • 89 9 1. 815 .003 .007 
Young 132.46 7.077 6.764 .010 .025 
D of s 368.20 19.140 18.683 • 100 .100 
D of D 24.29 1 .31 1 • 2 4 .005 .005 
Index 8 
s of s 546.05 24.568 22.115 • 0 17 .034 
S of D 
Proven 43.02 1 • 9 34 1 • 7 4 1 • 0 0 1 .003 
Young 160.20 7.208 6.488 .005 • 0 1 0 
D of s 446.78 29.506 17.908 .028 .042 
D of D 29 -32 1 -339 1 • 1 8 8 .002 .002 
Index 9 
s of s 544.60 24.650 22.002 .033 .033 
s of D 
Proven 42.88 1 • 9 4 1 1 • 7 3 2 .003 .003 
Young 159.78 7.232 6.455 • 01 0 • 0 1 0 
D of s 445.60 19.569 17.819 .042 .042 
D of D 29.25 1 • 34 3 1 • 181 .002 .002 
8 1 
TablP. 34. ExpP.ctP.d gP.nP.tic changP. pP.r yP.ar for P.ach trait 
undP.r P.ach indP.X 
CarriP.r Fat ProtP.in Milk 
(kg) (kg) (kg) (kg) 
IndP.x 1 52.52 1 • 8 7 1. 63 56.02 
IndP.X 2 53.48 1. 87 1 • 4 1 56.76 
IndP.x 3 48.59 1 • 97 1 • 7 6 52.32 
IndP.X 4 38.83 1 • 9 4 1 • 8 5 42.61 
IndP.x 5 36.79 1. 93 1 • 8 6 40. 58 
IndP.x 6 38.22 1 • 94 1. 86 42.02 
IndP.x 7 36.47 1. 93 1 • 8 6 40.26 
IndP.x 8 4 4. 1 6 1 • 9 6 1 • 7 8 47.90 
IndP.X 9 44.04 1. 97 1 • 7 7 47.78 
TablP. 35 givP.s thP. diffP.rP.ncP.s in P.XpP.ctP.d gP.nP.tic 
changP. bP.tWP.P.n IndP.x 1 and thP. othP.r indicP.s. ThP. P.XpP.ctP.d 
diffP.rP.ncP.s bP.tWP.P.n othP.r indicP.s can bP. calculatP.d by using 
IndP.x 
IndP.x 4 is computP.d by taking thP. diffP.rP.ncP. of thP. valuP.s 
givP.n for IndP.x 3 and IndP.x 4. TablP. 36 prP.sP.nts thP.sP. 
diffP.rP.ncP.s bP.tWP.P.n indicP.s in P.conomic tP.rms, P.ValuatP.d 
undP.r thP. diffP.rP.nt pricing structurP.s. ThP. comparison of 
diffP.rP.nt indicP.s is possiblP. by, again, using IndP.x 1 as a 
rP.fP.rP.ncP.. ThP. kilograms of carriP.r rP.dUCP.d by thP. diffP.rP.nt 
indicP.s arP. shown in TablP. 37. ThP. cost of this rP.duction is 
computP.d by dividing thP. P.XpP.ctP.d diffP.rP.ncP. in P.conomic 
rP.turns from TablP. 36 by thP. kilograms of carriP.r rP.duction. 
ThP.SP. valuP.s, undP.r thP. prP.sP.nt pricing systP.m arP. also givP.n 
in TablP. 37. 
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TablP. 35. DiffP.rP.nnP.s in P.XpP.ntP.d gP.nP.tin nhangP. for P.anh 
trait within P.anh population sP.gmP.nt exprP.ssed as 
diffP.rennP.s from Index 1 
Index 2 
CarriAr Fat Protein 
s of s 16 -35 0.001 -2.678 
s of D 
ProvP.n 1 • 28 o.o -0.211 
Young 4.80 o.o --0.785 
D of s ~ 3. 42 o.o -2.185 
D of D 0.79 -0.01 -0. 14 7 
IndAX 3 
s of s -48.59 1 • 39 5 1 • 4 6 6 
s of D 
Proven -3.83 0.054 0 • 11 6 
Young -14.25 0. 19 8 o.431 
D of s -39·77 1 • 066 1 • 6 8 1 
D of D -2. 68 -0. 01 0.070 
Index 4 
s of s -168.73 0.920 2.772 
s of D 
Prov An -13.29 0.082 0. 19 2 
Young -49-50 0.210 0. 7 1 4 
D of s -139-24 0.754 2.290 
D of D -9. 1 0 0.040 0. 14 0 
Index 5 
s of s -193°73 0.787 2. 84 1 
s of D 
Prov An -15.26 0.062 0.224 
Young -56.84 0. 2 3 1 0.822 
D of s -160.20 o.664 2.338 
D of D -10.44 0.040 0. 15 0 
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TablP. 35. ContinuP.d 
IndP.x 6 
CarriP.r Fat ProtP.in 
s of s -176.23 0.787 2.841 
s of D 
ProvP.n -13 .88 0.071 0.221 
Young -51 .70 0. 26 1 0.822 
D of s -145.54 0.727 2 .304 
D of D -9.50 0.040 0. 15 0 
IndP.X 7 
s of s -197-72 0. 77 1 2.844 
s of D 
ProvP.n -15.57 0.061 0.224 
Young -58.01 0.226 o.835 
D of s -163.52 o.637 2.352 
D of D -10.65 0.030 0. 15 0 
IndP.X 8 
s of s -103.18 1. 217 1 • 9 0 5 
s of D 
ProvP.n -8. 10 0.096 0. 15 0 
Young -30.27 0.357 0.559 
D of s -84.94 1 • 00 3 1 • 5 7 7 
D of D -5.62 0.060 0.098 
IndP.X 9 
s of s -104.63 1 • 29 9 1 • 79 2 
s of D 
ProvP.n -8.24 0. 10 3 0 • 1 4 1 
Young -30.69 0.381 0.526 
D of s -86.12 1 • 06 6 1 • 4 8 8 
D of D -5.69 0.060 0. 910 
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Table 36. Discounted and non-discounted differences in 
expected economic returns under different payment 
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Table 37. Discounted and non-discounted costs per kilogram 
of carrier removed evaluated under different 
selection indices as expressed as differences 
from Index 1 
Carrier,Fat Carrier,Fat,Protein 
Kilograms 
of Carrier Non-Dis- Dis- Non-Dis- Dis-
Removed counted counted counted counted 
Index 2 -3113.03 -0.1320 -0.0436 -0.2892 -0.0956 
Index 3 9300.64 -0.0691 -0.0226 0.0743 0.0243 
Index 4 32354.23 -0.1318 -0.0435 -0.0281 -0.0093 
Index 5 37173.87 -0.1372 -0.0454 -0.0360 -0.0119 
Index 6 33800.26 -0.1340 -0.0443 -0.0298 -0.0098 
Index 7 37939.90 -0.1379 -0.0456 -0.0370 -0.0122 
Index 8 19776.25 -0.1066 -0.0352 0.0025 0.0008 
Index 9 20052.25 -0.1040 -0.0346 0.0016 0.0005 
The values in Table 36 reflect the differences per cow 
in the herd. Therefore, when the appropriate value in Table 
36 is multiplied by a constant herd size the expected 
difference in economic returns to a producer is obtained. If 
the increase or decrease in economic return to all or part of 
the industry is of concern, the appropriate value from Table 
36 is multiplied by the total, or some portion of the total, 
number of cows in the population. 
With this concept and the values in Table 36, it is 
possible to go back and answer the "What if •• ·" questions 
posed earlier at the end of the previous section. What if a 
producer with a herd of 100 cows producing each year changed 
his selection criteria to include protein, even though not 
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paid an incentive for protein? This would be comparable to 
Table 34, the comparison of Index 1 and 2 under the pricing 
system of Index 1. The discounted value of using Index 2 
rather than Index 1, including protein in the selection 
scheme, under a carrier and fat only pricing system, is 
$135.87 per cow. Over a twenty year period on 100 cows, the 
difference in income would be $13,587.00. This increase in 
income is strictly due to increased production valued under 
the present pricing system from more accurate selection and 
not from tailoring milk for the manufacturing industry. 
What if this producer with 100 cows, is paid on in-plant 
cheese plant values but selects only for carrier and fat? 
What is the cost of using Index 1 rather than Index 4 under 
Index 4 prices? Table 36 shows that Index 4 would increase 
discounted expected income by $805.36. Thus, the discounted 
loss in potential income of not changing selection practices 
is $805.36 per cow over twenty years. The per cow per 
generation changes are given in Table 38. This change 
translates to a loss of $80,536.00 in discounted potential 
income on 100 cows over that twenty year period if selection 
practice is not changed. 
If the 60% of the cows producing milk for the 
manufacturing industry, 6.6 million cows, were selected on 
this basis the savings is appreciable. It would amount to an 
increased savings to the dairy industry of $5,315,376,ooo. 
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This is money that would not leave the dairy industry in the 
form of energy or labor to remove unneeded carrier. 
What if selection were based on the computed in-plant 
cheese plant component values, either with or without 
hauling, however, payment was on the present payment system, 
Index 4 or 5 versus Index 3 under the pricing system of Index 
3? The difference between Indices 4 and 3 is computed by 
taking the appropriate value from Table 36 for the difference 
of Index 3 from Index 1, $225.92, and subtrating the 
difference of Index 4 from Index 1, $301.43. This would be a 
cost of $52,735.00 to the 100 cow producer over the twenty 
years, or a cost to the industry of $5,800,850,000 based on 
11,000,000 cow herd. This difference, $527.35, is the 
discounted cost per cow over twenty years if hauling costs 
are ignored. Index 5 can be compared to Index 3 in the same 
manner. The difference then is -$668.03 or a per cow cost of 
$668.03. 
Index 4 would be expected to reduce carrier by 23,053.59 
more kilograms per cow than Index 3, 32,354.23 minus 9300.64 
from Table 37. Dividing the difference in expected returns, 
$527.35, by the kilograms of carrier removed, leads to a cost 
per kilogram of carrier removed of $0.0229 if hauling costs 
are ignored. This cost of $0.0229 per kilogram of carrier 
removed can be compared to the twenty year cost of a 
mechanical concentration system installed at a cheese plant. 
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In addition to the removal of 23,053.59 kilograms of carrier, 
28.05 less kilograms of fat and 2115.90 more kilograms of 
protein are produced over the twenty year time frame. 
It should be noted at this point, that the cost per 
kilogram of carrier removed is greater than the in-plant cost 
of a kilogram of that carrier, $0.0229 as compared to 
$0.0066. This means that, based on the rather severe 
restrictions placed on the LP model and other assumptions 
discussed earlier, it was profitable to select for rather 
than against carrier. The value of the increased fat and 
protein does not offset the lost value, under the present 
marketing system, of the decrease in carrier production. 
If a producer uses the cheese plant component values and 
includes hauling costs for developing selection goals, the 
cost is somewhat higher. This is the comparison of Index 3 
and Index 5 under the pricing scheme of Index 3. The costs 
to the producer with 100 cows is $66,803.00 over the twenty 
years. 
This cost of removal divided by the kilograms of carrier 
reduction, 27,873.23 kilograms, gives a cost of $0.0240 per 
kilogram of carrier removed over a twenty year period. This 
cost per kilogram of carrier is comparable to the twenty year 
cost of mechanical concentration at the farm level. This 
discounted cost of removal remains greater than the cost of 
carrier for a cheese plant when hauling costs are included, 
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$0.0240 compared to $0.0209. This indicates that, based on 
present pricing system, a producer would decrease income over 
the next twenty years if selection is based on the cheese 
plant plus hauling component values. 
If, however, these changes were based on the computed 
component values for a cheese plant the results are somewhat 
different. The difference in expected returns between Index 
3 and Index 4 under cheese plant pricing, ignoring hauling 
cost, from Table 36 is $201. 30. This value divided by the 
kilograms of carrier removed, 23,053.59, gives a cost per 
kilogram of carrier removed of $0.0087. This value is still 
greater than the in-plant cost of carrier; however, the 
values are much closer. If hauling costs are included, the 
expected difference in returns is $345.00. When this cost is 
divided by the kilograms of carrier removed, 27,873.23, a 
cost of $0.0124 per kilogram of carrier removed is obtained. 
This cost is less than the in-plant plus hauling costs of a 
cheese plant. This indicates that if dairy producers would 
select cattle based on the actual component values for a 
cheese plant and include hauling costs, a saving to the dairy 
industry would result. 
The comparisons of Index 8 to Index 4 and Index 9 to 
Index 5 represent the comparison of two selection systems, 
both based on the same set of economic values. The two 
indices based on carrier, fat and protein, Indices 4 and 5, 
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would not bP. P.XpP.ctP.d to producP. as largP. a gain in fat and 
protP.in as thP. indicP.s basP.d only on fat and protP.in, IndicP.s 
8 and 9. ThP. quP.stion thP.n bP.comP.s, "Do thP. incrP.asP.d 
amounts of thP. positivP.ly valuP.d traits offsP.t thP. incrP.asP. 
in thP. nP.gativP.ly valuP.d trait?" WhP.n using chP.P.SP. plant 
componP.nt valuP.s with hauling costs ignorP.d, comparing 
IndicP.s 4 and 8, TablP. 36 givP.s an P.XpP.ctP.d discountP.d 
diffP.rP.ncP. in favor of IndP.x 4 of $78.51. WhP.n hauling cost 
arP. includP.d and IndicP.s 5 and 9 arP. comparP.d, thP. diffP.rP.ncP. 
is $83.62 in favor of IndP.x 5. This indicatP.s that, if 
sP.lP.ction WP.rP. basP.d on thP. component valuP.s to thP. cheesP. 
industry, a saving to thP. industry would bP. P.XpP.ctP.d. 
WhP.n thP. prP.cP.ding comparisons arP. madP. and thP.y are 
evaluatP.d undP.r thP. prP.sP.nt systP.m of paymP.nt for carrier, 
fat and protP.in thP. rP.sults are quite different from TablP. 
36, thP. discountP.d diffP.rences bP.tWP.P.n Indices 4 and 8, 
$317.51, and Indices 5 and 9, $452.71, both favor the 
sP.lection programs that ignore carriP.r Indices 8 and 9. In 
fact both IndicP.s 8 and 9 out pP.rform Index 1 whP.n a protP.in 
incP.ntive is includP.d. ThP. implication is that carriP.r 
should bP. includP.d in a selP.ction program basP.d on a nP.gative 
value for carriP.r, re5ardless of thP. inclusion of hauling 
costs. If, howP.ver, milk is priced on the presP.nt component 
values for kilograms of carrier fat and protein then ignorin5 
carriP.r is preferablP.. 
91· 
The comparisons shown in Table 35 show that the 
difference in genetic change produced by different indices 
based on different relative economic values for milk 
components are not large when the difference in income is 
examined on one animal at one time. The inclusion of the 
value over time and over a herd or industry increases the 
magnitude of the difference in expected income. 
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CONCLUSIONS 
This work has shown that there is a method preferable to 
the one presently used to evaluate the value of milk. The 
same value for milk can be obtained by either the µresent 
system, production plus concentration, or by a component 
pricing system, based on kilograms of carrier, fat and 
protein. The component pricing system has the advantage of a 
linear relationship with value. The simplicity of this 
component pricing system and the increased accuracy, on a 
linear basis, make it superior to the present method of 
valuing milk. This linearity allows for the direct 
application of selection index theory. 
The value of each of the milk components vary depending 
on the eventual market in which the milk is used, fluid, 
cheese or butter/NFP. As the milk moves from the fluid 
market to the manufactured markets, the value of carrier 
decreases to a negative value and the value of the other 
components increase. The highest value for carrier is in the 
pricing scheme where only carrier and fat are paid for and 
carrier takes on the most negative value for the butter/NFP 
manufacturer when hauling costs are included. If dairy 
processors would pay dairy producers on a basis more 
reflective of the actual component values and producers 
selected on that basis, the savings to the dairy industry 
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would be sizable. These savings would be in the form of 
reduced energy and labor needs to process and handle milk. 
This was shown by the development of nine indices, each 
representing a different payment and/or selection scheme. 
The expected genetic changes in each trait under each index 
were calculated for both a mass selection program and a 
segmented population structure. The expected economic 
returns for each index were computed and comparisons were 
made between several indices under different pricing systems. 
The component values used to compute these expected economic 
returns were based on rather severe restrictions and are not 
applicable, in absolute terms, to all producers and 
processors. 
It was shown, that based on the model restrictions, 
producers who selected for and were paid on the computed 
component values, hauling costs included, were economically 
ahead to select for a relative decrease in carrier and 
increase in fat and protein. When hauling costs were 
ignored, the value of the decrease in production was not 
offset by the savings in carrier reduction. Both of these 
selection schemes proved to be superior to Index 1, based on 
the present pricing system for carrier and fat. 
As energy costs, and other production costs, increase 
the financial importance to the dairy industry of producing 
milk for a specific market will continue to increase. When a 
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selection program discouraging carrier was imposed on the 
cows producing milk for the manufacturing market the 
discounted savings to the dairy industry was $5,315,367,000 
over the next twenty years. This saving is large and, in 
some respects, conservative. If the LP model restriction of 
a constant level of output is lifted the saving will be even 
larger. By lifting this restriction, the closing of less 
efficient plants would be possible and likely. This opens up 
political and social questions that have not and will not be 
addressed here. The savings of government support in the 
form of less surplus purchases is also not addressed in this 
model. 
It should be stated that these are true savings to the 
dairy industry, not just the movement of money within the 
industry, that would be realized by the processors. If a 
genetic program of concentration were adopted, all or at 
least most of the savings realized by manufacturers should be 
passed to the producer. 
Costs per kilogram of carrier removed were calculated 
based on selection criteria other than the optimal. These 
costs can be applied to the twenty year cost of a mechanical 
concentration system located at either a plant or on the 
farm. 
It was shown that, based on cheese component values 
including hauling costs, negatively valued carrier should be 
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in0.ludP.d as a 0.omponP.nt of sP.lP.0.tion. If, howP.vP.r, hauling 
0.0sts arP. ignorP.d, it was prP.fP.rablP. to ignorP. 0.arriP.r. WhP.n 
thP.sP. two sP.lP.0.tion s0.hP.mP.s WP.rP. P.ValuatP.d undP.r thP. prP.sP.nt 
0.arriP.r, fat and protP.in pri0.ing systP.m, thP. both WP.rP. 
prP.fP.rablP. to a program basP.d on 0.arriP.r and fat only. This 
is 0.0nsistP.nt thP. prP.sP.nt dirP.0.tion of SP.VP.ral A. I. bull 
studs whP.rP. thP.y arP. sP.lP.0.ting for only fat and protP.in 
yiP.ld. 
Again, it should bP. said that if P.ithP.r a farm basP.d 
mP.0.hani0.al 0.0n0.P.ntrator or a gP.nP.ti0. 0.0n0.P.ntration program is 
implP.mP.ntP.d thP. pr00.P.ssor must pass thP. savings to thP. 
prodU0.P.r in thP. form of an equitablP. 0.0mponP.nt pri0.ing 
systP.m. As pro0.P.ssors bP.0.0mP. morP. awarP. of thP. valuP. or 0.0st 
of thP. 0.0mponP.nts P.ntP.ring thP.ir plant, thP. morP. rP.0.P.ptivP. 
thP.y should bP. to an P.quitablP. form of 0.omponP.nt pri0.ing. 
ThP. most a0.0.UratP. 0.0mponP.nt valuP.s 0.an bP. found by thP. 
P.Xpansion of and thP. rP.moval of rP.strintions from thP. LP 
modP.ls. 
basP.d on thP. samP. 0.0mponP.nt prinP.s must bP. P.valuatP.d by 
produnP.rs to optimizP. thP. thP. rP.turns to thP.ir opP.ration. If 
this is not donP., thP. produnP.r will nontinuP. to produ0.P. milk 
with a rP.lativP.ly highP.r narriP.r nontP.nt and thP. pronP.ssors 
will nontinuP. to rP.neivP. a raw matP.rial that is lP.ss 
dP.sirablP. for his opP.ration. 
As HillP.rs (1984) and KP.nnP.dy (1982) point out, 
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decisions involving changes in selection goals are long range 
decisions and should not be entered into lightly. However, 
the need for food energy and, more importantly, protein and 
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APPENDIX A 
1 0 1 
.DEVELOPMENT OF THE COEFFICIENT MATRJ:X. 
FOR THE LP MODEL OF A CHEESE PLANT 
The development of this matrix is given in an 
activity-column by activity-column pattern. All 
contributions to and demands placed on the model, the 

















- 9. 1 
-12. 8 
Description 
This is the cost of one unit of milk 
in dollars per 100 pounds of milk. 
$13.00 + [$1.7*(3.7-3.5)] + 
[$1.0*(3.5-3.2)] 
(The value used for the price of 
milk has no effect on the figures 
used from the model.) 
This is the amount of milk entering 
the model. 
Table 6 gives the milk compositions 
used. These values are based on 
percentage concentration. Therefore 
for each 100 units of milk entering 
the model the corresponding units of 
the components enter the model. 
Using the E row type requires that 
each component that enters the 
system must also be removed. 
ELEC .0103 
PAST 100. 0 
MAX-WAT -10.0 
HLING 100. 0 
STEAM 14820.0 
PAST -100.0 
Antivity Column COOK 
LABOR 7.714 
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FigurP. 6 shows that a 15 HP motor 
with 210 gal/min was usP.d to rP.movP. 
milk from thP. trunk and pump to thP. 
silo. This figurP. is in kilowatt 
hours (KW-HR). 
210 gal/min = 15hp 
1088360 lb/hr = 15hp 
1088360 lb/hr = 15*746 watts 
1088360 lb/hr= 11190 watts 
100 lb/hr = 10.33 watts 
100 lb = .0103 KW-HR 
Eanh 100 units of milk P.ntP.rin5 thP. 
systP.m must bP. pastP.urizP.d thP.rP.forP. 
100 units of PAST arP. rP.quirP.d. 
For P.anh 100 units of milk P.ntP.rinb 
thP. systP.m, up to 10 units of watP.r 
nan bP. rP.movP.d. 
Eanh 100 units of milk must bP. 
transportP.d. 
It was assumP.d that milk P.ntP.rP.d 
thP. systP.m at 36 F and thP. 
tP.mpP.raturP. usP.d for pastP.urization 
was 170 dP.grP.P.S F, a tP.mpP.raturP. 
nhangP. of 134 dP.grP.P.S F. ThP. 
B.T.U.s rP.quirP.d to nhangP. thP. 
tP.mpP.raturP. of onP. pound 
of milk onP. dAgrP.P. F is .92 B.T.u. 
ThP.rP.forP. 12350 B.T.U.s arP. rP.quirP.d 
to nhangP. thP. tP.mpP.raturA of 100 
pounds of milk 134 dAgrAP.S F. An 
80% P.ffiniP.nny of hP.at transfP.r was 
assumP.d. 
ThP. STEAM rP.quirP.d was basP.d on 100 
units of milk. 
This rP.prP.sP.nts thP. nalnulatAd 
man-hours rP.quirP.d to pronP.ss onP. 
vat of nhP.P.SP.. 
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STEAM 966000 ThP. milk was assutaP.d to An tP.r thP. 
vat at 80 rl ai:::os F and cooking 
tP.mpP.ra turP. was assu mP.d 1;.o b P. 103 
dP.grP.P. s F, a diffP.rP.nCP. of 23 
dP.grP.P.S F. Again 80% hP.ating 
P.fficiP.ncy was assumP.d and thP. 
capacity of onP. vat was 35,000 
pounds. 
ELEC 1. 54 As shown in FigurP. 6 milk must pass 
through two pumps pOWP.rP.d by 1 • 5 hp 
motors with 100 gal/min capacity; 
OnP. from thP. silo to thP. pastP.urizP.r 
and 1;.hP. SP.COnd from thP. pastP.urizP.r 
to 1;.hP. vat. 
1 00 gal/min = 1 • 5hp 
51600 lbs /hr = 1 1 1 9 watts 
100 lbs = .0022 KW-HR 
35000 lbs*2 = 1 • 5 4 KW-HR 
VAT 35000. This is 1;.hP. capacity of onP. ChP.P.SP. 
vat 
VAT-M 1 • 0 This row providP.s a count of thP. 
va 1;.s of ChP.P.SP. prodUCP.S. 
Activity Column PRO-CHES 
WATER 1 • 0 
FAT 1 • 0 
PROT 1 • 0 




It was assumP.d that chP.P.SP. was 
comprisP.d watP.r, fat and protP.in in 
a 1: 1: 1 rP.la tionship. 
By using onP. unit of PROT, onP. unit 
of SNF is also usP.d. 
By using onP. unit of PROT and onP. 
unit of FAT, two units of SOLID arP. 
USP.d. 
WhP.n onP. unit P.ach of wa1;.P.r, fat and 
protP.in arP. suppliP.d, thrP.P. units of 
vat capacity arP. usP.d. 
OnP. unit of watP.r, fat and protP.in 
producP. thrP.P. units of chP.P.SP.. 
Activity Column EXT-WAT 
WATER 1 • 0 
VAT -1.0 
WHEY -2. 0 
Activity Column WAT-REM 
WATER 1 • 0 
PAST -1 • 0 
MAX-WAT 1 • 0 
HLING -1 • 0 
FAT 1 • 0 
SOLID 1 • 0 
VAT -1 • 0 
WHEY - 1 • 0 
CREAM -2.0 
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This allows for thP. rP.moval from thP. 
systP.m of onP. unit of WATER not usP.d 
in ChP.P.SP. • 
If WATER is rP.mOVP.d by this 
activity, onP. unit of vat capacity 
is also usP.d. 
OnP. unit of WHEY is also producP.d. 
This accounts for thP. rP.moval of 
WATER from thP. modP.l that in fact 
doP.s not P.ntP.r thP. plant. 
If thP. watP.r is rP.movP.d prior to 
P.ntP.ring thP. plant, it is not 
nP.cP.ssary to pastP.urizP. it. 
If onP. unit of watP.r is allowP.d to 
bP. rP.mOVP.d through this activity, 
thP.n onP. unit of thP. rP.striction is 
usP.d. It is thP. shadow pricP. of 
this row that is of intP.rP.st. 
If thP. watP.r is rP.movP.d at thP. farm 
lP.VP.l it doP.s not nP.P.d to bP. 
transportP.d. 
This allows for thP. rP.moval of onP. 
unit of fat not usP.d in chP.P.SP.. 
ThP. rP.moval of onP. unit of fat also 
rP.movP.s onP. unit of solids from thP. 
modP.l. 
OnP. unit of vat capacity is usP.d. 
OnP. unit of whP.y is producP.d. 
Two units of crP.am can bP. producP.d 
from P.ach unit of EXT-FAT. 
SNF 1 • 0 
SOLID 1 • 0 
VAT -1 • 0 
WHEY -1 • 0 
ELEC • 011 6 
WHEY 100.0 
c 1 • 0 
CREAM 1 • 0 
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This allows for the removal of one 
unit of SNF not used in cheese from 
the model. 
The removal of one unit of SNF also 
removes one unit of solids from the 
model. 
One unit of VAT capacity is used. 
If the non-fat solid is not used in 
ChP.P.SP., it goes into WHEY. 
Figure 6 shows that a 5 hp motor 
with 100 gal/min capacity drives the 
separator. The energy requirements 
for separation only are 
100 gal/min = 5 hp 
51600 lb/n = 3730 watts 
100 lb = .0072 KW-HR. 
Additionally each unit of whey that 
is separated must be pumped to and 
from the separator by 1.5 hp motors. 
This requires 2*.0022 KW-HR or .0044 
KW-HR. The coefficient is the sum 
of these requirements. 
The ELEC requirement is based on 100 
pounds. 
This is the price paid for one unit 
of cream. (The value used for the 
price of cream does not effect the 
figures used from the model.) 
This is the amount of craam rAmoved 
from the model. 
A tivity Column SEL-CHE 
c 1 • 4 7 
CHEESE 1 • 0 
Activity Column BUY-LAB 
c -8.o 
LABOR -1 • 0 
A tiv ty Column BUY-ELE 
c .06 
ELEC -1 • 0 
Activity Column BUY-STE 
c -.60 
STEAM -92000 




This is the price paid for one unit 
of cheese. (The value used for the 
price of cheese does not effect the 
figures used from the model.) 
This is the amount of cheese removed 
from the model. 
This is the value used for one unit 
of labor. 
This is the amount of labor supplied 
to the system. 
This is the value used for one KW-HR 
of electricity. 
This is the amount of electricity 
supplied to the system. 
This is the value usP.d for one 
gallon of Liquid Petroleum. 
This is the B.T.U. content of one 
gallon of Liquid Petroleum. 
This is the cost of transporting 
100 pounds of milk. 
This is the amount of milk 
transportP.d. 
A tivity Column B 
MILK 250,000 
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This is thP. maximum amount of milk 




DEVELOPMENT OF THE COEFFICIENT MATRIX 
FOR THE LP MODEL OF THE BUTTER/NFP PLANT 
The ~evelopment of these matrix coefficients uses the 









FAT - 3.7 
SNF - 9.1 
SOLID -12.8 
SEP 100 
HAUL 1 00 
LABOR .029 
Description 
This is the cost of one unit of milk 
in dollars per 100 pounds of milk. 
This is the amount of milk entering 
the model. 
Table 6 gives the milk compositions 
used. These values are based on 
percentage concentration. Therefore 
for .each 100 units of milk entering 
the model the corresponding units of 
the components enter the model. 
Using the E row type requires that 
each component that enters the 
system must also be removed 
Each 100 units of milk entering the 
system must be separated into cream 
and skim milk. 
Each 100 units of milk must be 
transported. 
This represents the calculated 
man-hour required to bring 100 units 
of milk into the model. 
ELEC .0125 





1 1 0 
As shown in FigurA 7 milk passP.s 
through two pumps on thA way to thA 
SP.parator, onA powArP.d by a 15 hp 
motor and onA by a 1.5 hp motor. 
ThA AlP.r.trir.al rAquirP.mAnt for P.ar.h 
of thAsP. motors arA givP.n in App. A 
(r.oP.ffir.iP.nts MILK-IN - ELEC and 
COOK-ELEC) 
For Aar.h 100 units of milk P.ntP.ring 
thA systP.m, up to 10 units of watP.r 
r.an bA rP.movAd. 
This is thA transportation r.ost of 
200 units of milk. 
This is thP. amount of transportation 
suppliAd. 
This is thP. amount of milk 
sP.paratP.d. 
This is thA amount of P.lP.r.trir.ity 
in kilowatt hours rP.quirP.d to 
sP.paratP. 100 pounds of milk whP.n thP. 
sP.parator is powP.rP.d by a 5 horsP. 
powP.r motP.r with a 100 pound minutP. 
r.apar.ity. ThP. r.alr.ulation was shown 







1 • 0 
-2.38 
1 • 0 
CrP.am was assumP.d to bP. 58% watP.r 
and 42% fat. A 1.38:1.0 ratio 
givP.s this proportion. ThP. amount 
of r.rP.am produr.P.d is thA sum of 
watAr and fat. 
ThP. rP.moval of onP. unit of fat also 
rP.movAs onP. unit of solid. 




ELEC • 0 1 1 0 
1 1 1 
This is the amount of cream 
pasteurized by this activity. 
It was assumed cream was at a 
temperature of 36 degrees F and the 
temperature required for 
pasteurization of cream is 155 
degrees F, a difference of 119 
degrees. THE B.T.U. requirement of 
changing one pound of cream one 
degree F is .85 B.T.u.s. Therefore, 
the requirement for changing 100 
pounds of cream 155 degrees is 10115 
B.T.U.'s. Additionally, prior to 
churning, the pasteurized cream must 
be returned to 36 degrees F. It was 
assumed that the cream was cooled to 
85 degrees by convection and 
refrigerated mechanically from 85 
degrees to 36 degrees, a difference 
of 49 de~rees F. The same B.T.U. 
per pound requirement is needed to 
cool as to heat; thus, 4165 B.T.U.s 
are required to cool the cream. The 
sum of these two requirements, 
14,280 B.T.U.s, was multiplied by 
1.2, assuming only 80% -~ficiency in 
heat transfer, to obtain the 
coefficient shown. 
This activity produces 100 pounds of 
pasteurized cream. 
This is the electrical requirement 
to move 100 pounds cream from the 
separator to the pasteurizer, to the 
storage silo, to the churn 
(3 * .0022 = .0066) and to operate 
the churn (.0044). 
BUTTER -66.7 
B-MILK -33 .3 
c 1 • 4 7 
BUTTER 1 • 0 
Activity Column SELL-BM 
c 1 • 0 
B-MILK 1 • 0 
WATER 1 • 2 2 
SNF 1 • 0 
SKIM-T -2. 22 
SOLID 1 • 0 
SKIM -2.22 
1 1 2 
Butter was assumed to be 15% water, 
therefore, 100 pounds of cream with 
a 42/58 fat to water ratio produces 
approximately 66.7 pounds of butter 
and the difference from 100 pound, 
33.3 pounds of butter milk. 
This is the price paid for one unit 
of butter. (The price used does not 
effect the figures used from the 
model.) 
This is the amount of butter removed 
from the model. 
This is the price paid for one unit 
of buttermilk. (The price used does 
not effect the figures used from the 
model.) 
This is the amount of buttermilk 
removed from the model. 
Skim was required to be no less than 
45% solids to enter the final powder 
drying proness. A 1 .22:1.0 ratio of 
water to solids ratio gives this 
proportion. The amount of skim 
produ0.ed is the sum of water and 
non-fat solids. 
The removal of one unit of SNF also 
removes one unit of solids. 
The produ0.tion of one unit of SKIM 
also produ0.es one unit of SKIM-T. 




1 1 3 
The requirements for pasteurization 
are based on 100 pounds.,. 
This represents the electricity 
required to move 100 pounds of skim 
milk through three pumps; from 
separator to pasteurizer to silo to 
evaporator; each powered by a 1.5 
horsP. power motor. (3 * .0022) 
This reprP.sents the energy, in 
B.T.u.s to pastP.urize and cool 100 
pounds of skim milk. The 
rP.quiremP.nt of .92 B.T.U.s per pound 
dP.grP.P. F was usP.d. ThP. skim milk is 
first hP.atP.d from 36 to 170 dP.grP.P. 
F, a differP.ncP. of 134 degrP.P.s. ThP. 
milk is thP.n coolP.d back down to 36 
dP.grP.P.s. ThP. first 85 dP.greP.s of 
cooling, 170 to 85 dP.grP.P.S, usP.s 
conductive cooling and thus no 
enP.rgy is rP.quired. EnP.rgy is 
rP.quirP.d for thP. final 49 dP.grP.P.S of 
cooling. A total of 183 dP.grP.P.s F 
of changP. arP. rP.quired; thP.rP.forP., 
16,836 are rP.quired. ThP. 80% 
P.fficiP.ncy factor givP.s thP. 
coP.fficient. 
Activity Column SLR-POWD 
SKIM-T 100 
POWDER -46.34 
Activity Column SELL-P 
c .94 
POWDER 1 • 0 
These two coP.fficiP.nts transfP.r 
skim, with thP. minimum watP.r contP.nt 
(54%), to powdP.r with 3% water. 
This is thP. valuP. of onP. pound of 
powdP.r. (ThP. value usP.d for thP. 
valuP. of powdP.r has no effect on thP. 
figurP.s usP.d from thP. modP.l.) 
This is thP. amount of powdP.r removP.d 
from thP. rnodP.l. 
Antivity Colum BUY-LAB 
c -8.00 
LABOR -1 • 0 
1 1 4 
This is thP. valuP. usP.d for onP. unit 
of labor. 
This is thP. amount of labor suppliP.d 
to thP. systP.m. 
Antivity Column BUY-ELEC 
c -.06 
ELEC -1 • 0 
Antivity Column BUY-STM 
c -.60 
STEAM -92000 
Antivity Column EXT-W 
WATER 1 • 0 
EXT-WAT -1 • 0 
Antivity Column EV AP-SK 
EXT-WAT 1 • 0 
STEAM 597.0 
SKIM - 1 • 0 
This is thP. valuP. USP.d for onP. KW-HR 
of P.lP.ntrinity. 
This is thP. amount of P.lP.ntrinity 
suppliP.d to thP. systP.m. 
This is thP. valuP. usP.d for onP. 
gallon of Liquid PP.trolP.um. 
This is thP. B.T.U. nontP.nt of onP. 
gallon of Liquid PP.trolP.um. 
This rP.mOVP.S OnP. pound of watP.r not 
USP.d in ButtP.r or NFP produntion. 
If watP.r is rP.movP.d through this 
antivity thP. watP.r is transfP.rrP.d to 
P.xtra watP.r. 
This rP.movP.s onP. pound of P.xtra 
watP.r from thP. modP.l by P.vaporation. 
This is thP. amount of stP.am rP.quirP.d 
to rP.mOVP. onP. unit of watP.r through 
P.vaporation. 
ThP. amount of skim that must bP. 
pronP.ssP.d is innrP.asP.d. 
11 5 
Antivity Column REM-WAT-2 
EXT-WAT 1 • 0 
HAUL 1 • 0-
MAX-WAT 1 • 0 
Antivity Column B 
MILK 1,000,000 
This announts for the removal of one 
pound extra water that in fant does 
not enter the plant. 
This redunes the amount of 
transportation required. 
If one unit of extra water is 
removed through this antivity, then 
one unit of this restrintion is 
used. It is the shadow prine of 
this row that is of interest. 
This is the maximum amount of milk 
entering the plant. 
1 1 6 
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